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Preface
The book “Pathophysiology and complications of diabetes mellitus” is organized into
six chapters and focused mainly on the pathophysiology and complications of diabetes
mellitus. This book provides expert contributions in terms of experience and scientific
knowledge on the subject. Students, scientists, teaching academics and various health
professionals would find this book very informative and useful. The references cited in
each chapter definitely act as additional and vital source of information for readers.
Oluwafemi O. Oguntibeju
Department of Biomedical Sciences, Faculty of Health & Wellness Sciences,
Cape Peninsula University of Technology, Bellville,
South Africa

Chapter 1

CNS Complications of Diabetes Mellitus Type 1
(Type 1 Diabetic Encephalopathy)
Shahriar Ahmadpour
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/49990

1. Introduction
Diabetes mellitus type1 (T1D) or insulin dependent diabetes mellitus (IDDM) is an
endocrine metabolic disorder which is defined by absolute or partial lack of insulin and
hyperglycemia (1).Traditionally the complications of diabetes were classified as acute
complications like diabetic keto acidosis (DKA) and chronic complications. Chronic
complications comprise vascular and nonvascular complications. The vascular
complications are further subdivided into microvascular (retinopathy, neuropathy, and
nephropathy) and macrovascular complications (coronary artery disease, CAD, and
cerebrovascular disease) (2). Despite the first record of diabetes-related cognitive
dysfunctions in 1922 (3), for a long period diabetic nephropathy, peripheral neuropathy, and
retinopathy were considered as late diabetes microvascular complications and it was
believed that central nervous system (CNS) as an insulin independent organ, spares from
diabetic complications. However in recent decades studies have provided evidence that
indicate the deleterious effects of T1DM on structure and functions of the brain (4-6).
Duration related or chronic effects of T1DM on the brain, T1DM encephalopathy, are
manifested at the all levels of CNS from microscopic to macroscopic level. Macroscopically
neuroimaging studies have demonstrated a high incidence of abnormalities like temporal
lobe sclerosis, decreases in white matter volume in parahippocampus, temporal and frontal
lobes as well as decreased gray matter volumes of the thalami, hippocampi, and insular
cortex, decreased gray matter densities of superior and middle temporal gyri and frontal
gyri (7, 8).In experimental models of T1DM a vast spectrum of neuronal changes have been
reported. These pathological abnormalities include synaptic and neuronal alterations,
degeneration, increased cerebral microvasular permeability, and neuronal loss which
collectively can lead to cognitive impairment and higher risk of development dementia (911). Although the mechanisms through which hyperglycemia might mediate these effects
are not completely understood it seems hyperglycemia increases oxidative stress in
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mitochondria and subsequent free radicals generation. Increased free radicals damage
cellular membrane (lipid per oxidation) and initiate death signaling pathways (12-14). One
of the most sensitive regions of the brain to the metabolic disorders and oxidative stress is
hippocampus (15). The hippocampus itself is divided into two interlocking sectors, the
dentate gyrus and the hippocampus proper (cornu ammonis). The dentate gyrus has three
layers: (1) the granular layer containing the densely packed cell bodies of the granule cells;
(2) the molecular layer formed by the intertwining apical dendrites of the granule cells and
their afferents; (3) the polymorph layer in the hilus of the dentate gyrus containing the initial
segments of the granule-cell axons as they gather to form the glutamergic mossy fiber
bundle. Hippocampus proper as an archeocortiacl structure has been divided into seven
layers as follows: (1) The alveus; containing the axons of the pyramidal cells (2) the stratum
oriens, a layer between the alveus and the pyramidal cell bodies which contains the basal
dendrites of the pyramidal cells (3) the stratum pyramidal (4) the stratum radiatum and (5)
the stratum lacunosum/molecular which are, respectively, the proximal and distal segments
of the apical dendritic tree. In the CA3 field an additional layer is recognized: the stratum
lucidum, interposed between the pyramidal cell bodies and the stratum radiatum, receiving
the mossy-fibers input from the dentate granule cells. Each CA3 giant pyramidal neuron
with large dendretic spines receive as many as10-50 mossy fibers from dentate gyrus, and
send their axons into the fimbria. New memory formation and consolidation process of
events by hippocampus depend on the integrity of hippocampus internal circuits (16, 17)
(fig1).

Figure 1. Functional circuits of hippocampus. Inputs from extensive cortical and subcortical areas reach
dentate gyrus. Mossy fibers, axons of granular cells, synapse with CA3 pyramidal neurons.CA3
pyramidal neurons send collateral to CA1.Axons from these two regions reach limbic related regions.
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Hippocampus structural complexity has made it vulnerable to the many pathological
conditions such as diabetes mellitus type1 (18). It is a crucial part of the limbic system,
which plays a pivotal role in memory formation, emotional, adaptive and reproductive
behaviors (16 17 and19). Studies have shown that cell proliferation continues in granular
layer of DG constantly. This unique neuronal renew is necessary for memory formation
(20, 21). Any factor disturbing the balance between neuronal proliferations /death may
result to memory and learning impairment (22). Studies have demonstrated that
experimental diabetes causes decreased granular cells proliferation and neuronal death
(necrosis / apoptosis) in CA3 and DG regions (23).Although neuronal death has been
considered as the main leading cause of diabetic CNS and peripheral neuropathies the
mode of neuronal death in T1DM has remained as a matter of controversy (24, 25, and 26).
Neuronal death has been known as a common feature of neurodegenerative diseases like
Alzheimer and diabetes (27).Studies have suggested free radicals and glutamate
excitotoxicity as the main driving causes of neuronal death in diabetic paradigm (27-28).
Interestingly these factors have been implicated in another mysterious and different type of
neuronal death which is called “Dark” neuron. This kind of neuron has been reported in
various pathological conditions likes stroke, epilepsy, hypoglycemia, aging and spreading
depression phenomena (SD) .On the other hand, dark neuron formation has been reported
in stress full conditions such as acute physical stress, normal ageing process in cerebellum
and postmortem (nonenzymatic). All of these pathologic conditions cause disturbance in
ion gradient (Na/K ATPase pump), and increases excitatory neurotransmitters like
glutamate (27, 28).Despite the role of hyperglycemia in increasing oxidative stress and
extracellular level of glutamate in hippocampus, there is little information about the
effect(s) of a chronic endogenous stressor like diabetes type 1 on dark neuron formation in
DG granule cells. In spite of new therapies like intranasal insulin, C peptide and
antioxidants (9) diabetic central neuropathy and its underlying mechanisms have remained
far from fully understood.
Purpose: Obviously understanding the neuronal death mechanisms as a common feature of
neurodegenerative diseases like Alzheimer and diabetes would contribute to better
understanding of its pathophysiology and new treatment approaches. As stated before dark
neurons can form in enzyme-independent condition. Therefore, there may be a need to
revise the cell death concept and types. This study was conducted to clarify the following
questions:(1) Does hyperglycemia lead to dark neurons formation in granule layer of DG?(2)
What is the nature and entity of the ultrastructural changes?

2. Materials and method
Experimental diabetes mellitus induction
Streptozotocin is a glucosamine–nitrosourea compound isolated from Streptomyces
achromogenes. As an alkylating agent it interferes with glucose transport. It is taken up into
beta cells of pancreas via the specific transporter, GLU-2, inducing multiple DNA strands
breaks. Because of the absence of The GLUT-2 glucose, STZ direct effects on the brain tissue
is eliminated following systemic administration (29).
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Induction of experimental diabetes
This study was carried out on male Wistar rats (age eight weeks, body weight 240–260
g, n=6 per group).All rats maintained in animal house and allowed free access to
drinking water and standard rodent diet. Experiments performed during the light
period of cycle and conducted in accordance with Regional Committee of Ethic
complied with the regulations of the European Convention on Vertebrate Animals
Protection (2005).We considered fasting blood glucose (FBG) >250 mg/dL as a diabetic.
T1D was induced by a single intraperitoneal (IP) injection of STZ (Sigma Chemical,St.
Louis, Mo) at a dose of 60 mg/kg dissolved in saline (control animals were injected with
saline only) (30).Four days after the STZ injection, FBG was determined in blood
samples of tail veins by a digital glucometer (BIONIME, Swiss). In the end of eight
weeks, the animals were anesthetized by chloroform. Then perfusion was done
transcardially with 100 mL of saline followed by 200 mL of fixative containing 2%
glutaraldehyde and 2% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4). The
harvested brains were post-fixed in the same fixative for two weeks. Then the brain
further processed through graded ethanol followed by xylene and paraffin. Serial
coronal sections (thickness 10 μm) were made through the entire extent of hippocampus
in left and right hemispheres using a microtome.
Transmission electron microscopy (TEM)
The hippocampi (two for each group) were removed and processed as follows briefly:
washing in phosphate buffer 0.1 M (pH 7.4), fixation in 1% osmium tetroxide,dehydration
by graded acetones (50, 70, 80, 90 each 20 minutes, and 100 three changes ×30 minutes),
infiltration by resin/acetone (1/3 overnight, 1/1 8 hours and 3/1 8 hours), resin (overnight)
and embedding, thick sectioning, thin sectioning (60–90 nm), staining with uranyl acetate
and lead citrate. To identify DG region, the semi thin were stained by 1% Toluidine Blue.
Finally, electron micrographs were taken by EM900 (Zeiss, Germany) equipped to TFPO
camera.
Gallyas’ method (dark neurons staining)
Gallyas’ method is a useful method for detecting of DNs. This argyrophil staining is based
on the damage in cytoskeleton and DNs show characteristic morphological features like
shrunken dark somata and dendrites (28).Four sections from each animal (16 sections per
group) were selected by uniform random sampling. Dark neurons staining was done as our
previous study (27) and follows as briefly: (a) random systematically selection of paraffin
embedded sections, (b) dehydration in a graded 1-propanol series, (c) incubation at 560C for
16 hours in an esterifying solution consisting of 1.2% sulphuric acid, (d) 1-propanol(98%), (e)
treatments in 8% acetic acid (10 minutes), (f) developing in a silicotungstate physical
developer, (g) development termination by washing in 1% acetic acid (30 minutes), and (h)
dehydration. The superior and inferior blades of the dentate gyrus were studied and
pictures were taken by Olympus microscope (BX51, Japan) equipped with Motic Image plus
2 software (Motic China Group, LTD). Counting of DNs was carried out according to the
stereological bases and therefore only cell bodies were counted (26).
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Statistical analysis
All data are expressed as mean±SD. Statistical comparison for the number of DNs between
two groups was made using Student t-test. Statistically significant difference was accepted
at the p<0.05 level.

3. Results
The day 4 after STZ injection, rats were severely diabetic as indicated by their elevated
plasma glucose (567.92±45.20 mg/dL) while plasma glucose of control group showed
normoglycemic range (101±6.310 mg/dL) (p<0.001) (fig2). Diabetic rats also exhibited
obvious signs of diabetes namely: polyuria and polydipsia.
Counting the DNs
The numbers of DNs in diabetic animals were counted 223±25 and those of normal group
counted5.75±4.34. The comparison between the numbers of DNs in two groups showed
significant level of difference (p<0.05) (Figure 2
Light microscopy findings
Dark neurons (DNs) in DG granular layer of STZ-induced diabetic group showed preserved
cell integrity , detached from surrounding tissues, high darkly brown stained somata and
degenerated axons (Figure 3-6).Filamentous (thread like) structures were noticed in soma
and neuritis (Figure 4). Some granular cells showed small mitochondrion size brown grain
in their perikarya (Figure 5). In control animals, some scattered DNs were also found in DG
granular layer, while surrounding normal neurons were not stained (Figure 7).Staining by
toluidine blue showed some neurons were deeply stained (hyperbasophilia) (figure8,9).
TEM findings
Characterization of neuronal death was according to our previous study, hence chromatin
changes like clumping, margination and condensation was considered the most important
evidence of non-necrotic death. Of course, other morphological characters such as cell
shrinkage and dark appearance were considered. Integrity of neuronal membrane preserved
in most of cases (Figs 10–14).Chromatin clumping, condensation and margination were
noticed in diabetic group. The pattern of chromatin changes showed some differences. Tiny
and dispersed chromatin clump in electron dense nucleus and nucleolus without chromatin
adherence were seen in some dark appearance neuron(figs10,12,13) while in some
chromatin clumping was more conspicuous and nucleus appearance was lighter
(fig14).Other morphological changes included: reduced inter-organelles spaces, electron
dense appearance, shrinkage, detachment from surrounding tissues, degenerating
axon(figs11,12) and apoptotic-body (14).Swelled mitochondria were observed in cytoplasm
of shrunken dark neurons (fig10). In control animals some healthy looking neurons with
increased electrondensity and apoptotic bodies were observed (14). The normal healthy
neuron showed normal dispersed and light chromatin (fig 14).
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Figure 2. Counting of DNs in diabetic animals (Dia) showed significant level of difference to control
group (Con). *p<0.05.

Figure 3. Reversible type of dark neurons are scattered between some dark neuron. These neurons are
characterized with light brown color that is indicative of recovering phase (arrowheads). Scale bar 5 μm

CNS Complications of Diabetes Mellitus Type 1 (Type 1 Diabetic Encephalopathy) 7

Figure 4. Fig4: A DN in the granular layer of diabetic group stained darkly brown (center). Soma of this
DN shows some thread like structures (white arrow). An axosomatic synapse is also seen (right arrow).
Scale bar 5 μm.

Figure 5. Dark neuron. Highly dark stained degenerated neurons. In center a dark neuron (red
arrowhead) and numerous degenerated neuronal particles are seen. Diabetic group. Scale bar 5 μm
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Figure 6. A DN stained by Gallyas’ method. Somata and axon stained intensely (arrowhead). DN is
detached from surrounding tissues and scattered among healthy neuron (windows). Scale bar 5 μm.

Figure 7. DG granule cells in control group. DNs (arrow) dispersed in the granular layer. Scale
bar25μm
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Figure 8. Semi thin sections (1μm) stained by toluidine blue. Arrows indicate dark neuron among the
healthy granular layer cells of DG (control). Scale bar 25μm

Figure 9. Semi thin sections (1μm) stained by toluidine blue. Arrow indicates normal neuron among the
dark, hyperbasophilic neurons of DG. Scale bar 25μm
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Figure 10. A DN in diabetic rats. Chromatin condensation,margination and clumping (white arrow),
swollen mitochondria (arrows, right and left) are seen around the nucleus. Scale bar 2 μm.

*

Figure 11. A DN in diabetic rats with degeneratedaxon (long arrow), dark perikarya (short arrow).
Degenerative vacuolization has occurred around the DN and a vessel (star). Scale bar 5 μm.
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D
N

D
Figure 12. Normal neuron (center) and its nucleolus (N).Two dark neurons (D) with chromatin
clumping. A large mass of chromatin is attached to nucleolus. Scale bar2μm

N

Figure 13. A dark neuron (white arrow).The pattern of chromatin clumping and nucleolus is different.
Scale bar 4μm

12 Pathophysiology and Complications of Diabetes Mellitus

A

AP



Figure 14. Control group: apoptic neurons(AP) are seen with chromatin margination and clumping.
Apoptotic like bodies (arrowheads). Right of photograph (star) shows normal neuron. Scale bar 4 μm.
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4. Discussion
Dark neurons have been reported in the brain of experimental animals exposed to
various pathological conditions. Morphologically DNs are characterized by at least six
features namely: hyperbasophilia, argyrophilia, disappearance of antigenicity,
ultrastructural compaction, volume reduction and increased electrondensity (31). On the
basis of ultrastructural differences four types of dark neurons are descripted: the
Huntington type, the artefactual, the reversible, and the irreversible (32). They have been
reported in Huntington, epilepsy, SD, hypoglycemia, and also in aging process (28). The
result of our study showed that uncontrolled T1DM accelerates the rate of DNs
formation in granular later of DG. We could also show that DNs occur in normal
condition that implicates the common nature of dark neuron (31, 32). For demonstration
of DNs, we used the selective type-III argyrophilia (method of Gallyas). Gallyas’ method
is based on the reaction between the physical developer and few chemical groups in
tissue. The final product of this chemical reaction would be formation of the
crystallization nuclei whose enlargement produces the metallic silver grains constituting
the microscopic image (31). DNs of both groups have common features like deep
hyperbasophilia, dark staining, and neuronal shrinkage. So the reaction of neurons to
different paradigms has resulted to a common morphology. DNs are the final product of
a Series of physico-chemical reactions initiated from extracellular milieu and propagate
into the neuron (33). At present the only proposed explanation for mechanism of
formation of dark neurons is the gel concept. In this concept intra neuronal gel constitute
a trabecular network surrounded by fluid. Various noxae e.g. free radicals induce release
of noncovalent stored energy from gel state and as a results of gel contracture a large
volume of cytoplasm contents is pressed out and lead to neuronal compaction and
electron density of dark neurons. It seems cytoskeletal network would be essential in
these phenomena (33-35). However, it has not been defined as some different aspects of
neuronal reactions. For instance some neurons with small mitochondrion size brown
grain in their perikarya were noticed. It is believed these types of neurons are in
recovering phase (reversible type) in contrast to real dark neuron (dead or irreversible)
(36).Interestingly reversible dark neurons were only seen in diabetic group. At present
we can’t explain why reversible neurons were seen only in diabetic group but the
severity of initiating insult, not its nature, may be a determinant. In diabetes more
neurons were probably exposed to noxa e, g free radicals but the response of neurons
would be selective (36). Studies have documented evidence that imply the role of
hyperglycemia and increased oxidative stress in neuronal death (26, 37). Based on our
results it can be inferred that neurodegeneration or aging process progresses more
quickly in diabetes type1 (39). Although the rate of DNs was not significant in control
animals, it may raise traumatic origin of DNs. Perfusion of animals before brains
harvesting eliminates traumatic origin of DNs (38) as we did in this study. To reveal the
ultrastructural changes, we took advantage of TEM study.TEM study provides clear-cut
evidences to differentiate the mode of cell death (40). Morphological study of DNs by
TEM showed chromatin changes, darkness, and shrinkage and swelled mitochondria.
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The pattern of chromatin in DNs showed some differences as follows :( 1) chromatin
clumping with electrondense appearance and normal shape of nucleus boundaries (most
seen in control animals) (2) dispersed tiny clumped chromatin with relatively dark
appearance and crenated outlines of nucleus (3) large clumped irregular chromatin with
irregular outlines of nucleus. The last two patterns were only seen in diabetic animals. To
the best of our knowledge this diversity in chromatin and nucleus morphology was not
discussed in other related researches. Another characteristic of dark neuron was swelled
mitochondria. In line with our findings the same characteristics have been reported in
dark neurons (41). The same Chromatin changes (condensation and margination),
neuronal darkness and shrinkage are considered as the hallmarks of apoptotic death.
Although the apoptotic nature of death in DNs has been discounted and reasoned to
TUNEL assay, it should be emphasized TUNELassay is based on caspase activity which
is not always sole determinant of apoptotic death (40, 42, and 43). Based on our results in
TEM, the different nuclear chromatin patterns can be explained in two ways: diverse
patterns of chromatin clumping/condensation as a continuum or response of neuronal
subtypes e.g. basket cells in granular layer. It seems apoptotic neurons or DNs represents
a common way of death with some differences in intracellular pathways. Cell death can
be classified into two major categories: apoptosis (with a variety of chromatin changes)
and necrosis (40).The mechanism of DNs production that is proposed is gel-gel
transition. The gel–gel phase transition is associated with morphological changes in
neuron such as shrinkage, which is not seen in necrosis. Apoptotic neurons also undergo
a rapid shrinkage. Thus, the mechanism of compaction in apoptotic neurons might
involve the gel–gel phase transition (44-46). In conclusion; dark neurons occur naturally
in CNS and diabetes mellitus as a metabolic disorder (common nature of dark neurons
formation) accelerates dark neurons formation and consequently brain aging. We
propose the future studies focus more on the preventive mechanisms of DNs formation
in T1DM.
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1. Introduction
Diabetes mellitus is a chronic metabolic disorder characterized by hyperglycemia and
derangement in protein and fat metabolism [1]. The worldwide prevalence of diabetes was
approximately 2.8% in 2000 and is estimated to grow to 4.4% by 2030. Approximately 40% of
patients with type 1 diabetes and 5 - 15% of patients with type 2 diabetes eventually develop
end stage renal disease (ESRD), although the incidence is substantially higher in certain
ethnic groups [2, 3]. The main risk factors for the development of diabetes are ethnic
variations, changes in the food habits, obesity and altered lifestyles. However in type 2
diabetic patient additional factors, related or unrelated to diabetes plays an important role in
causation of diabetic nephropathy such as hypertension, dyslipidemia, obesity and it has
been named as metabolic syndrome [4]. There are mainly three types of diabetes which
include Type 1 diabetes, Type 2 diabetes including a related condition called pre-diabetes
and gestational diabetes. The occurrence of diabetic nephropathy varies with type of
diabetes and highest risk indiviusuals are type 1 diabetics, but also type 2 diabetics have
significant risk. The studies have shown that incidence of renal failure in type 1diabetes may
be decreasing due to better preventive measures. However the incidence of renal
complications in type 2 diabetes showed uprising [5-8] because type 2 diabetes accounts for
at least 90% of all patients with diabetes. Thereby number of type 2 patients with
nephropathy and ESRD exceeds those with type 1 diabetes overall.
Diabetic nephropathy is one of the most serious complication of diabetes and the most
common cause of end stage renal disease. Advanced diabetic nephropathy is also the
leading cause of glomerulosclerosis and end-stage renal disease worldwide. 20% to 40% of
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patients with diabetes ultimately develop nephropathy, although the reason why not all
patients with diabetes develop this complication is unknown [9]. The combination of
hypertension and diabetes is an especially dangerous clinical situation; both are risk factors
as singly or in combination for micro vascular and macro vascular complications of diabetes
and for diabetes-related mortality. It’s unfortunate that most of diabetics at the time of
diagnosis will have hypertension and studies have shown that 50% of patients with diabetes
and hypertension results in a sevenfold increase in mortality [10]. Concomitant nephropathy
in patients with diabetes and hypertension results in a 37-fold increase in mortality.
The main treatment dialysis and renal transplantation are costly [11, 12] and most of the
poor patients cannot afford the same. Patients with type 2 diabetes undergoing maintenance
dialysis require significantly higher financial resources than those suffering from
nondiabetic end-stage renal diseases. Furthermore, this group of patients has a very poor
prognosis on maintenance dialysis owing to extremely high mortality due to various
cardiovascular events [13].
Is the diabetic nephropathy preventable, the answer is yes as diabetic nephropathy
progresses from subclinical disease, through the earliest clinically detectable stage
characterized by microalbuminuria i.e., urinary albumin 30 to 300mg/day to overt
nephropathy with macroalbuminuria [14-16].The combination of strict glycemic control and
various biochemical parameters in the form of microalbuminuria, glycated hemoglobin have
decreased the occurrence of nephropathy.
Various sensitive tests are available to identify patients with renal involvement early in the
clinical course and clinicians should have the knowledge about diabetic nephropathy in the
form of its onset, prevention, progression, and treatment in their patients.
Detection of microalbuminuria identifies not only individuals who are at risk of developing
renal diseases [(17, 18] but also cardiovascular events and death [19] in these patients. Up to
30% of people with newly diagnosed type 2 diabetes will already have abnormally high
urine albumin levels I.e. macroalbuminuria which indicates that many may have overt
diabetic nephropathy at the time of diagnosis.
Renal disease is strongly linked to heart disease and the presence of microalbuminuria is a
predictor of worse outcomes for both in renal and cardiac patients. Microalbuminuria does
not directly cause cardiovascular events; it serves as a marker for identifying those who may
be at increased risk. Microalbuminuria is caused by glomerular capillary injury and so may
be a marker for diffuse endothelial dysfunction. According to Steno hypothesis, albuminuria
might reflect a general vascular dysfunction and leakage of albumin and other plasma
macromolecules such as low density lipoproteins into the vessel wall that may lead to
inflammatory responses and in turn start the atherosclerotic process [20, 21].
Recently, it has been suggested that microalbuminuria may be a risk factor for the
development of cardiovascular disease in non-diabetics and may therefore have a role in
screening programs [22].

Bio-Chemical Aspects, Pathophysiology of
Microalbuminuria and Glycated Hemoglobin in Type 2 Diabetes Mellitus 21

Early detection of nephropathy through screening of diabetic patients allows early
intervention and better control of progression of nephropathy and cardiovascular events
and mortality.

1.1. Socio-economic burden of diabetes in India
Type 2 diabetes is the commonest form of diabetes constituting 90% of the diabetic
population in any country and prevalence of diabetes is estimated to increase from 4% in
1995 to 5.4% by the year 2025 (23). The countries with the largest number of diabetic subjects
are India, China and U.S. and in the former two countries diabetes occurs mostly in the age
range of 45-64yrs, in contrast with an age of >65 in the developed countries. Epidemiological
studies conducted in India showed that not only was the prevalence high in urban India but
it was also increasing [24-26]. This is mainly attributed to life style changes and genetic
predisposition in Indian population.
The period between1989-95 showed a 40% rise in the prevalence and subsequently a
further increase of 16.4% was seen in the next 5 years. A national survey of diabetes
conducted in six major cities in India in the year 2000 showed that the prevalence of
diabetes in urban adults was 12.1%. The prevalence of impaired glucose tolerance (IGT)
was also high (14.0%). A younger age at onset of diabetes had been noted in Asian Indians
in several studies [26, 27].
In the national study, onset of diabetes occurred before the age of 50 years in 54.1% of cases,
implying that these subjects developed diabetes in the most productive years of their life
and had a greater chance of developing the chronic complications of diabetes. The recent
studies found that the occurrence of diabetic nephropathy with respect to age is been
decreasing and most of people affected in early ages.
Table 1 shows the prevalence of the vascular complications observed in a study by the
Diabetes Research Centre [28].
Microvascular
Retinopathy
Background
Proliferative
Nephropathy
Polyneuropathy

23.7
20.0
3.7
5.5
27.5

Macrovascular
Cardiovascular disease
Peripheral vascular disease
Cerebrovascular accidents
Hypertension

11.4
4.0
0.9
38.0

Table 1. Prevalence () of vascular complications in type 2 diabetes

Prevalence of retinopathy is high among the Indian type 2 diabetic subjects. Another study
done in 1996 in South India showed a prevalence of 34.1% of retinopathy [29]. The
prevalence of nephropathy in India was less (8.9% in Vellore) [30]. 5.5% in Chennai [28]
when compared with the prevalence of 22.3% in Asian Indians in the UK in the study by
Samanta et al in 1991[31].
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1.2. The main health problems related to diabetes are
Diabetes can have a significant impact on quality of life by increasing risk for a variety of
complications mainly long standing. These include:
Chronic complications
Blindness(Mainly cataract and retinopathy)
Renal Disease
Hypertension
Cardiac Disease and Stroke
Amputations
Nervous System Disease
Pregnancy complications
Table 2. Main chronic complications in diabetes

2. Diabetic nephropathy
The abnormal glycemic status of diabetes is closely related to the development of microvascular complications. However, in humans the evidence of a straightforward causal
relationship between hyperglycemia and renal disease is less compelling than in animal
models. The development of diabetic nephropathy is characterized by a progressive increase
in the excretion of albumin, continued increase in blood pressure and decline in glomerular
function which later leads to end stage renal failure. The patients with diabetes are more
prone for this condition due to associated factors like hyperlipidemia and hypertension. The
mortality and morbidity is high and it’s mainly due to a cardiovascular event [32, 33].
There are various factors which lead to diabetic nephropathy like biochemical, hormonal,
immunological and rheological.





Biochemical factors include long standing hyperglycemia and glycosylation process
[34].
Studies have shown that growth hormone promotes basement membrane thickening in
diabetes [35].
Both exogenous and endogenous insulin autoantibodies, IAA contributed in basement
membrane thickening [36].
The red blood cell deformity due to glycosylation and fibrin deposition results in
altered permeability and hypercoagulability in diabetic patients [37].

2.1. Genetic and ethnic role
Although we know that all patients with diabetes will not develop ESRD this is due to the
good glycemic and blood pressure control. In addition to the risks of poor glycemic control
and hypertension, a subset of patients may be at greater risk for nephropathy based on
inherited factors. Familial clustering of patients with nephropathy may result from similarly
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poor glycemic or blood pressure control or may have additional independent genetic basis
[38, 39].
Diabetic siblings of patients with diabetes and renal disease are five times more likely to
develop nephropathy than diabetic siblings of diabetic patients without renal disease. Even
this has been proved by histo-pathological studies in twins with type 1 diabetics [40, 41].
Genetic factors may play an important role in diabetic nephropathy and/or may be clustered
with genes influencing other cardiovascular diseases. There is ongoing research in
identifying genetic loci for diabetic nephropathy susceptibility through genomic screening
and candidate gene approaches [42-44]. A recent genome scan for diabetic nephropathy in
African Americans identified susceptibility loci on chromosomes 3q, 7p and 18q [45] and in
Pima Indians it has been identified on chromosome 7 [46].
Diabetic nephropathy and hypertension are multifactorial disorders resulting from
both environmental and genetic factors, which make it complex and difficult to identify
at the genetic level what confers susceptibility to diabetic kidney disease. Gene
polymorphism play’s an important role for example in renin–angiotensin system, nitric
oxide (NO), aldose reductase, glucose transporter 1 (GLUT-1), and lipoproteins which are
potentially involved in the genetic predisposition to hypertension, vascular reactivity, and
insulin resistance [47].
A recent study has shown that the strong association between a polymorphism in the 5′-end
of the aldose reductase gene and the development of diabetic nephropathy in type 1 diabetic
patients [47].
ESRD is known to be more prevalent in certain ethnic groups—Native Americans, Mexican
Americans, and African Americans—than in Caucasian Americans. Certainly, there is
reason for special vigilance for early signs of nephropathy in these high-risk populations,
whose members presumably have a genetic predisposition to nephropathy.
The factors which contribute for the development of diabetic nephropathy are shown in
Table 3.
Metabolic factors
Hemodynamic factors

Intracellular factors
Growth factors and
cytokines













Advanced glycation end products (AGEs)
Aldose reductase (AR)/ Polyol pathway
Angiotensin 2 / renin – angiotensin system (RAS)
Endothelin
Nitric oxide
Diacyglycerol (DAG) – protein kinase C (PKC) pathway
Transforming growth factor β (TGF- β)
Growth hormone (GH) and insulin –like growth
Factors (IGFs)
Vascular endothelial growth factor (VEGF)
Platelet-derived growth factor (PDGF)

Table 3. Factors involved in development of diabetic nephropathy
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2.2. Natural history of diabetic nephropathy (Table 3) and renal changes in
diabetic nephropathy
Diabetic nephropathy is a spectrum of progressive renal lesions secondary to diabetes
mellitus ranging from renal hyper-filtration to end stage renal disease. The earliest clinical
evidence of nephropathy is the presence of microalbuminuria. It occurs in 30% of type 1
diabetics 5 to 15 years after diagnosis but may be present at diagnosis in type 2 diabetics as
the time of onset of type 2 diabetes is often unknown. The microalbuminuria progresses to
overt proteinuria over the next 7 to 10 years. Once overt proteinuria develops, renal function
progressively declines and end stage renal disease is reached after about 10 years.
Stage 1

Stage 2

Stage 3

Stage 4













Stage 5




Glomerular hypertension and hyper filtration
Normoalbuminuria: urinary albumin excretion rate (AER) <20 µg/min
Raised GFR, normal serum creatinine
“Silent phase” (structural changes on biopsy but no clinical
manifestations)
Normoalbuminuria
Microalbuminuria: AER 20 – 200µg/min
Normal serum creatinine
Increased blood pressure
Overt “dipstick positive” proteinuria (macroalbuminuria) : AER >
200µg/min
Hypertension
Serum creatinine may be normal Increase in serum creatinine with
progression of nephropathy
End stage renal failure
Requiring dialysis or transplant to maintain life

Adapted from SIGN Guidelines (48)

Table 4. Evolution of diabetic renal disease

Renal changes are characterized by specific renal morphological and functional alterations
which include:





Features of early diabetic changes in the form of glomerular hyper filtration, glomerular
and renal hypertrophy, increased urinary albumin excretion (UAER).
Increased basement membrane thickness (BMT) and mesangial expansion with the
accumulation of extracellular matrix (ECM) proteins such as collagen, fibronectin and
laminin.
Advanced diabetic nephropathy is characterized by proteinuria, a decline in renal
function, decreasing creatinine clearance, glomerulosclerosis and interstitial fibrosis.

3. Pathophysiology of microalbuminuria
Normal human urine contains only very small quantities of albumin, less than 30 mg of
albumin being excreted by healthy adults in 24 hours. The appearance of large amounts of
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albumin in the urine is a cardinal sign of renal damage, especially glomerular disease, and is
not detectable by screening techniques using urinary dipsticks.
Various studies have shown different factors play a role in microalbuminuria. The two
important factors plays a role in urinary albumin excretion are trans glomerular passage of
albumin and tubular reabsorption. The glomerular and tubular proteinuria can be
distinguished by simultaneously measuring the urinary β2-microglobulin and albumin [49, 50].
Rodicio et.al., in their article has put forward the causes of microalbuminuria in
hypertension which is invariably associated with diabetes as follows: 




Can be a consequence of an augmented intraglomerular capillary pressure.
Reflects the existence of intrinsic glomerular damage leading to changes in the
glomerular barrier filtration.
May be the result of a tubular dysfunction in normal reabsorption of filtered albumin.
It may be the renal manifestation of a generalized, genetically conditioned vascular
endothelial dysfunction which may therefore link urinary albumin excretion and
elevated risk of cardiovascular diseases [51].

3.1. Structural abnormalities seen during increased excretion of albumin
There is a general belief that increased urine albumin excretion in diabetic nephropathy is
mostly glomerular in origin. For albumin to appear in the urine it must cross the glomerular
filtration barrier, which consists of fenestrated glomerular endothelial cells, the glomerular
basement membrane, and glomerular epithelial cell or podocyte.
It has been seen that increased intraglomerular pressure, loss of negatively charged
glycosaminoglycan’s in the basement membrane and, later, increased basement membrane
pore size, all contribute to the albuminuria. The earliest morphological change of diabetic
nephropathy is expansion of the mesangial area [52] and is caused by an increase in
extracellular matrix deposition and mesangial cell hypertrophy. After a short period of
proliferation, mesangial cells exposed to hyperglycemia become arrested in the G1-phase of
the cell cycle and is mediated by p27 Kip1, an inhibitor of cyclin-dependent kinases [53, 54].
Hyperglycemia activates the mitogen-activated protein kinases (MAPKs) which lead to a
post-transcriptional increase in p27 Kip1 expression [55].
In addition, ANG II further enhances p27 Kip1 induction and blockade of ANG II attenuates
high glucose mediated mesangial cell hypertrophy [54]. Thickening of the GBM is
progressive over years; both increased extracellular matrix synthesis and impaired removal
contribute to GBM thickening.
There is a decrease in the expression of heparin sulphate and the extent of sulphation
followed by increase in collagen type IV deposition. The type of collagen expressed in GBM
mainly contains α 3, α 4, and α 5 chains and mesangial matrix has α 1 and α 2 of type IV
collagen and increased expression is seen in diabetic populations [56, 57].
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The recent evidence shows that an alteration in structure and function of podocytes occurs
early in diabetic nephropathy. The podocytes which are adhering to GBM through integrin’s
are altered due to hyperglycemia.
In addition, renal biopsies from Pima Indians showed a broadening in podocyte foot
processes and a concomitant reduction in the number of podocytes per glomerulus [58] in
type 2 diabetic patients.
The structural abnormalities seen are:
Mesangial expansion
Glomerulosclerosis (diffuse, nodular)
Basement membrane thickening (glomerular
and tubular)
Arteriosclerosis
Capsular drop lesion
Interstitial inflammation

Fibrin cap lesion
Endothelial foam cells
Tubular atrophy
Interstitial fibrosis
Podocyte abnormalities

Table 5. Main structural abnormalities in diabetic nephropathy

3.2. Glomerular and tubular mechanisms
The alterations in glomerular function and tubular reabsorption play an important role in
microalbuminuria. The glomeruli receive 25% of cardiac output per day. Of the 70kg of
albumin that passes through the kidneys every 24hr, less than 0.01% reaches the glomerular
ultra filtrate and hence enters the renal tubules [59, 60, and 61]. Almost all filtered albumin
is reabsorbed by proximal tubule via a high affinity, low capacity endocytic mechanism with
only 10-30mg/24hour appearing in the urine [62].
The passage of albumin through glomeruli depends on two main factors, charge and size.
The negative charge on the glomerular membrane repels the anionic proteins thereby
preventing the passage of albumin molecules through glomeruli normally. The loss of
glomerular charge selectivity has been found in both diabetics and non-diabetic population
with microalbuminuria [63, 64].
Established microscopic abnormalities include thickening of the glomerular basement
membrane, accumulation of mesangial matrix, and increase in the numbers of mesangial
cells with disease progression there is a close relationship between mesangial expansion and
declining glomerular filtration [65].
Mesangial expansion also correlates inversely with capillary filtration surface area, which
itself correlates with glomerular filtration rate. Changes in the tubulointerstitium, including
thickening of tubular basement membrane, tubular atrophy, interstitial fibrosis and
arteriosclerosis, have been well described. Interstitial enlargement correlates with
glomerular filtration, albuminuria, and mesangial expansion. It has been suggested that the
accumulation of protein in the cytoplasm of proximal tubular cells causes an inflammatory
reaction which leads to tubulointerstitial lesions [65]. Similarly, rise in blood pressure plays
an important role by altering the fraction of plasma filtered by the glomerulus.
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3.3. Changes in endothelial function
Increased systemic capillary permeability has also been linked with microalbuminuria in
healthy populations and recent study shows that endothelial dysfunction leads to impaired
insulin action as well as to capillary leakage of albumin [67, 68].
Therefore, microalbuminuria may be a marker of generalized vascular disease, as
the formation of atherosclerotic thrombi is related to endothelial dysfunction in arteries.
Thus in addition to being an early marker of incipient diabetic nephropathy, urinary
albumin excretion may represent common pathways for the development of both large and
small vessel disease making microalbuminuria as a possible marker for cardiovascular
diseases.

3.4. Cellular and molecular mechanisms
Abnormalities of many cellular processes have been described in the kidney cells
of experimental and/or human diabetes. Most work so far has been focused on the
glomerular endothelial and mesangial cells. Direct effects of hyperglycemia per se (glucose
toxicity), glycation, formation of advanced glycation products, increased flux through the
polyol and hexosamine pathways have all been implicated in the pathogenesis of diabetic
nephropathy.
Recently it has been suggested that the central abnormality linking all of these pathways is
oxidative stress, a defect in the mitochondrial electron transport chain resulting in overproduction of reactive oxygen molecules which stimulate each of the above pathways [69].
Increased activity of a large number of growth factors has been demonstrated in diabetes
[70].






Transforming growth factor ß-1 and connective tissue growth factor: May be involved
in the fibrotic changes seen in mesangium and interstitium.
Growth hormone and insulin like growth factor-1 (IGF-1) appear to be associated with
the glomerular hyper filtration and hypertrophy.
Vascular endothelial growth factor (Synthesized by the podocyte): Plays a major role in
maintaining the fenestrae in glomerular endothelial cells, has pressor effects leading to
constriction of the efferent glomerular arterioles.
Glucose itself also stimulates some signaling molecules, leading to the increased intra
glomerular pressure. Several isoforms of protein kinase C, diacyl glycerol, mitogenic
kinases, and transcription factors are all activated in diabetic nephropathy.

3.5. Hemodynamic abnormalities
The glomerular hemodynamic changes in the form of hyper filtration and hyper perfusion
results in decreased resistance in both afferent and efferent arterioles of the glomerulus.
Many diverse factors including prostanoids, nitrogen oxide (NO), atrial natriuretic factor,
growth hormone, glucagon, insulin, angiotensin II (ANG II), and others have been
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implicated as agents causing hyperperfusion and hyper filtration [71].Hyperglycemia itself
stimulates the synthesis of angiotensin II, which leads to various hemodynamic changes in
the form of trophic, inflammatory and profibrogenic effects.
The vascular endothelial growth factors (VEGFs), and cytokines, such as transforming
growth factor β (TGF-β), may mediate hyper filtration by dilatation of the afferent vessels by
inhibiting calcium transients [72]. Furthermore, TGF- β increases NO production in early
diabetes, probably by up-regulation of endothelial NO synthase (eNOS) mRNA expression
and by enhancing arginine resynthesis [72]. Thus, TGF- β could clearly play a role in
diabetic vascular dysfunction [74].
The studies have shown that shear stress and mechanical strain causes hemodynamic
alterations by inducing the autocrine and/or paracrine release of cytokines and growth
factors.
The factors contributed are:



Renin-angiotensin system
Vasoactive hormones such as nitric oxide, prostacyclin, Endothelin -1,Urotensin

4. Role of glycated hemoglobin in diabetes
Glycated hemoglobin (HbA1c), a marker of average glycaemia, is a predictor of micro
vascular complications in diabetic individuals. However, it is not yet clear whether the
HbA1c is an indicator of the risk of the macro vascular complications associated with
diabetes mellitus.
HbA1c is the product of non-enzymatic reaction between glucose and free amino groups of
hemoglobin. This reaction, called glycosylation, involves lots of other proteins, too and it is
the principal mechanism through which glucotoxicity occurs. Other mechanism involved s
is: oxidative stress, activation of the polyols pathway, activation of protein kinase-C,
endothelial damage, hemodynamic and coagulative changes [75].
HbA1c reflects average plasma glucose over the previous 8 to 12 weeks as the life span of
RBC’s is 80-120days [76]. It can be performed at any time of the day and does not require
any special preparation such as fasting. These properties have made it the preferred test for
assessing glycemic control in diabetics. More recently, there has been substantial interest in
using it as a diagnostic test for diabetes and as a screening test for persons at high risk of
diabetes [77]. The use of HbA1c can avoid the problem of day-to-day variability of glucose
values, and importantly it avoids the need for the person to fast and to have preceding
dietary preparations. These advantages have implications for early identification and
treatment which have been strongly advocated in recent years.
However, HbA1c may be affected by a variety of genetic, hematologic and illness-related
factors [78]. The most common important factors worldwide affecting HbA1c levels are
hemoglobinopathies (depending on the assay method employed), certain anemia’s, and
disorders associated with accelerated red cell turnover such as malaria [79].
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Long term prospective studies are required in all major ethnic groups to establish more
precisely the glucose and HbA1c levels predictive of micro vascular and macro vascular
complications. A working group should be established to examine all aspects of HbA1c and
glucose measurement methodology.
The diagnosis of diabetes in an asymptomatic person should not be made on the basis of a
single abnormal plasma glucose or HbA1c value. At least one additional HbA1c or plasma
glucose test result with a value in the diabetic range is required, fasting, a random (casual)
sample, or the oral glucose tolerance test (OGTT) report.
The main long term vascular complications are coronary artery disease, stroke, renal failure
etc. The measurement of glycosylated hemoglobin (GHb) is one of the well-established
means of monitoring glycemic control in patients with diabetes mellitus [80]. In 1968
Bookchin and Gallop subsequently reported that the largest of these minor fractions,
designated HbA1c, had a hexose moiety linked to the N-terminus of the β-globin chain
[81].The functions of many proteins depend upon post translational modification,
hemoglobin is one such protein [82]. Hemoglobin (Hb) is composed of four globin chains
and adult hemoglobin (HbA) is the most abundant form in most adults and consists of two
α and two β chains. Fetal hemoglobin (HbF), which is predominantly present at birth,
consists of two α and two γ chains. HbF is a minor form in normal adults. HbA2 is minor Hb
after birth and consists of two α and two δ chains. The most common Hb variants
worldwide in descending order of prevalence are HbS, HbE, HbC and HbD. All of these
hemoglobin’s have single amino acid substitutions in the β chain. Normal adult hemoglobin
consists primarily of hemoglobin’s A (90-95%), A2 (2-3%), F (0.5%), Ala (1.6%), Alb (0.8%),
and A1c (3-6%). Glycosylated hemoglobin’s (GHb) are the minor hemoglobin molecules
separable by chromatographic techniques into three major components: Ala, Alb, and A1c.
Hemoglobin Al refers to a combination of these three components [83].
Important perspective studies on chronic complications of Diabetes mellitus allowed us to
establish with absolute certainty the role of glycosylated hemoglobin (HbA1c) as a marker of
evaluation of long term glycemic control in diabetic patients and the strict relationship
between the risk for chronic complications and HbA1c levels. Diabetes Control and
Complication Trial (DCCT), a great extent study, has demonstrated that the 10% stable
reduction in HbA1c determines a 35% risk reduction for retinopathy, a 25- 44% risk reduction
for nephropathy and a 30% risk reduction for neuropathy [84].

4.1. Glycosylation process
Glycosylation is a non-enzymatic reaction between free aldehyde group of glucose and free
amino groups of proteins. A labile aldiminic adduct (Schiff base) forms at first, then,
through a molecular rearrangement, a stable ketoaminic product slowly accumulates.
In the hemoglobin, the preferential glycosylation site is the amino-terminal valine of the β
chain of the globin (about 60% of glycosylated globin). Other sites are: lysin 66 and 17 of the
β chain, valine 1 of the α chain. The term HbA1c refers to the hemoglobin fraction of the
glucose bound stably (ketoamine) to beta terminal of valines.

30 Pathophysiology and Complications of Diabetes Mellitus

4.2. Other proteins which undergo glycosylation
Albumin, α2 macroglobulin, antithrombin III, fibrinogen, ferritin, HDL, LDL, transferrin; all
of them are short half-life proteins. The glycosylation process of short half-life proteins stops
at the formation of the stable ketoamine adduct.

4.3. Advanced Glycosylation End products (AGE)
The long half-life proteins such as actin, collagen, fibronectin, myelin, nucleoproteins, spectrin,
and tubulin can also be glycosylated. These long half-life proteins (myelin and collagen)
undergo a complex and irreversible rearrangement process, with the formation of Advanced
Glycosylation End products (AGE). AGE form a family with many compounds, only partially
identified; they accumulate in the structural proteins modifying the function of them. They
bind to specific macrophage receptors inducing a release of hydrolytic enzymes, cytokines and
growth factors able to promote the synthesis of fundamental substance and, acting at
intracellular level, to determine a damage of the nucleic acids [85, 86].
Three mechanisms have been postulated that explain how hyperglycemia causes tissue
damage: nonenzymatic glycosylation that generates advanced glycosylation end products,
activation of PKC, and acceleration of the aldose reductase pathway. Oxidative stress seems
to be a common to all three pathways.

5. Note on laboratory aspects
5.1. Microalbuminuria estimation
5.1.1. Sample handling
The collection of sample is very important when you are measuring MA. As many factors
will alter the value and errors may occur due to improper aseptic precautions, improper
storage and handling. After the collection it is preferable to measure on the same day and if
urine albumin is not estimated immediately then urine can be stored at 4°C. Alternatively,
2ml of 50 g /L sodium azide can be added per 500ml of urine. Specimens are stable for at
least 2 weeks at 4°C and 5 months at -70°C. Freezing samples may decrease albumin but
mixing immediately before assay eliminates this effect [87].
Albumin excretion varies with physiological factors like exercise posture, diuresis. Thus
samples should not be collected after exercise, in the presence of urinary tract infection,
during acute illness, immediately after surgery or after an acute fluid overload.
The following are considered acceptable [88]:




24 hour collection is preferred by some centers but this is cumbersome and errors may
occur due to improper sample collection and transport.
Overnight (8 - 12 hour) urine sample collection
Short term urine collection i.e. 1-2 hour collection (in laboratory or clinic)
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Early morning mid-stream urine sample is usually rather concentrated and using this
sample has good correlation between the excretion rate and concentration of albumin.

Many conditions can give a false positive value. Some of these common conditions are
shown in table 6:


Acute hyperglycemia



Urinary tract infection



Hypertension- Independently causes
microalbuminuria



Cardiovascular diseases- Independent
of diabetes



Heavy exercise- Due to increased protein

catabolism and altered renal circulation



Contamination with seminal or menstrual fluid- Which has more amount of albumin

Febrile condition and Stress

Table 6. Various factors affecting microalbumin estimation

Semi quantitative methods
Micral microalbumin urine test
strip

Clinitec Microalbumin

Quantitative
Immunoturbidimetry

Principle
Immunochemical strip test is specific for albumin.
Albumin in the sample is bound by soluble conjugate of
antibodies and the β-galactosidase enzyme marker.
Conjugate-albumin complexes are separated and the β galactosidase enzyme reacts with a substrate to produce
a red dye. The intensity of the color produced is
proportional to the albumin concentration in the urine.
The test strip is based on dye binding by albumin
method. It uses the high affinity dye bis (3,3’-diiodo- 4,
4’-dih ydroxy-5, 5’-di nitrophenyl)-3,4,5,6tetrabromosulfonephthalein. At a constant pH, the strip
turns blue in the presence of albumin, and color is
directly related to albumin concentration in the urine
sample.
In this process turbidity is produced by an immune
complex reaction. This causes a reduction in the
intensity of light as it passes through the solution.
Turbidimetry is the measurement of this loss in
intensity because of scattering, absorption or reflection
of the incident light in the angle/direction of the incident
light.
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Nephelometry

Most colorimeters and spectrophotometers can measure
turbidity with good precision and accuracy. This is the
most widely used test as it can be done on most semi
auto chemistry analyzers. It can even be done on
automated chemistry analyzers.
This assay is also based on scatter detection but unlike

turbidimetry it measures scattered light at 90° to the
incident light. The instrument is called a nephelometer.
It is more sensitive than turbidimetry.
Radio immunoassay (RIA)
This assay procedure involves competitive binding
between radio labelled and unlabelled molecules of
antigen to high affinity, specific antibody. The amount
of unlabelled antigen present in the specimen is
measured by its competitive effect on the labelled
antigen for limited antibody sites. It involves the use of
radio isotopes like tritium (3H), 131I or 125I as labels. It has
high sensitivity and specificity. The sample values are
determined by comparison with a calibration curve. The
advantages are sensitivity and precision, whereas the
disadvantage is short shelf life and radioactivity of the
reagents.
Chemiluminescent immunoassay Chemiluminescence is a chemical reaction that emits
(CLIA)
energy in the form of light. When used with
immunoassay technology, the light produced by the
reaction indicates the amount of analyte in a sample.
This again is of two types:
Luminescent Immunoassay (LIA): Here the labelled and
unlabelled antigen competes for the limited binding
sites on the labelled antibody. An inverse relationship
exists between concentration of labelled antibody bound
to the antigen and the unlabelled antigen.
Immuno Chemiluminometric assay (ICMA): This is a
sandwich assay in which unlabelled antigen is
sandwiched between antibody bound to paramagnetic
particles and antibody labelled Acridinium ester (AE). A
direct relationship exists between the concentration of
antigen in the patient sample and the amount of light
emitted during oxidation of the AE.
Note: Advantages of both RIA and CLIA are highly sensitivity, specificity and reproducible.
Disadvantages are unavailability, cost factor; proper infrastructure needed, radioactive hazards,
Government permission for use of radioactive materials is the limiting factors.

Table 7. Methods of estimation [87, 88]
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Marker
Glomerular transferrin
Fibronectin
Serum laminin P1
Urine laminin P1
Type 4 collagen
Heparan sulfate proteoglycan
Tubular proteins beta-2
microglobulin
Retinol-binding protein
Tamm-Horsfall protein
Alpha1-microglobulin
N-acetyl-beta-D-glucoseaminidase
Cholinesterase
Gamma-glutamyl transpeptidase
Alanine aminopeptidase
Tubular antigens,brush-border
antigen

Type 1 diabetes sample
assayed
Urine
Plasma
Urine
Urine
Urine

Type 2 diabetes sample
assayed
Urine
Urine
Serum
Urine
Serum and urine
Urine and blood

Urine and serum
Urine
Urine
Urine and serum
-

Urine
Urine
Urine and serum
Urine
Urine
Urine
Urine

Table 8. Newer markers of diabetic nephropathy [89]:

6. Methods of estimation of glycated hemoglobin
In the last 20 years improved techniques in laboratory and new electrophoretical,
chromatographic and immunological methods available, gave us a greater reliability on
results. However the use of different methods, the lack of a common calibration concerning the
same method and the variability of instrumentation do not make reproducible results yet in
different laboratories. For this reason studies and procedures of standardization are going on
[89]. Methods of GHb assays have primarily evolved around three basic methodologies:
1.
2.
3.

Based on difference in ionic charge.
Based on structural characteristics.
Based on chemical reactivity.

The main methods are,









Cation exchange chromatography
Affinity chromatography
High performance liquid chromatography
Isoelectric focusing
Radioimmunoassay
Spectrophotometric assay
Electrophoresis/Electroendosmosis
Electrospray mass spectrometry
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6.1. Specimen collection
Handling of specimens before the assay is important as short period of hyperglycemia
before blood is taken, leads to an acute increase in the formation of aldimine which may
increase the concentration of glycosylated hemoglobin by 10-20%--for example, from 9% to
11% of total hemoglobin-thus reducing the reliability of the test as a measure of long term
diabetic control.
Blood samples should therefore be treated to remove the aldimine residues before the assay
[91]. In measurement of HbA1c the prevalence of the most common hemoglobin variants
(HbS, HbC, and HbD) depends on the genetic background of the population being analysed.
There are many Hb variants that result in false low HbA1c level in diabetes. More than 700
Hb variants are known and about half of these variants are clinically silent, their presence
may falsely interfere with the measurement of HbA1c by HPLC. Hence, the identification of
Hb variants is important to avoid inaccurate HbA1c results [92].
Recent reports have shown that the concentration of total glycosylated hemoglobin measured
by commonly used methods may change significantly over a period of hours. This reflects the
short term fluctuations in glucose concentration. It is now realized that these rapid changes
will depend on the synthesis or dissociation of the labile fraction of HbA1c, which is not
separable from the stable form of HbA1c, by most routine methods. In most cases, the labile
fraction constitutes approximately 10% of the total glycosylated hemoglobin. This may
increase to 25% when plasma glucose concentrations are high, as in poor glycemic control.
These day to day variations in glycosylated hemoglobin concentration secondary to changes
in serum glucose are negligible in stable diabetics, but are very wide in unstable diabetics
and are almost entirely dependent on the prevailing plasma glucose concentration. Thus,
during poor glycemic control there will be large swings in plasma glucose levels, a single
HbA1c measurement may be misleading as an index of long term control. It would therefore
make sense to measure the stable fraction of glycosylated hemoglobin. However, this is not
routinely available because most laboratories measure total HbA1 or HbA1c, which includes
both labile and stable components. Therefore, in unstable diabetics, HbAl measurements
should be interpreted in relation to the simultaneous glucose concentration. To minimize the
contribution of the labile fraction, glycosylated hemoglobin should be measured when the
plasma glucose concentration is within or near the normal range.
Physicians should be aware of the expected variation in HbA1c during conditions such as [93],







False increases in HbA1c levels may occur in the presence of HbF (Ex: Hereditary
persistence of fetal Hb) and other negatively charged hemoglobin’s
HbA1c levels may also be increased in patients with renal insufficiency, caused by
hemoglobin carbamylation resulting from condensation of urea with the same site to
which glucose attaches.
Increased HbA1c occurs with advanced malignancy and iron deficiency anemia.
Increased levels can be seen in people with a longer red blood cell lifespan, such as with
Vitamin B12 or folate deficiency.
Splenectomy can result in elevated levels of glycosylated hemoglobin

Bio-Chemical Aspects, Pathophysiology of
Microalbuminuria and Glycated Hemoglobin in Type 2 Diabetes Mellitus 35




False decreases may result when HbS (Ex: Sickle cell disease) or other positively
charged variants are present
Hemolytic anemia and chronic blood loss result in decreased red cell life span and
therefore lower glycosylated hemoglobin levels.

6.2. Factors and clinical conditions affecting glycated hemoglobin levels are
shown below [78]
Increased glycated hemoglobin








Iron and Vitamin B12 deficiency
Alcoholism
Chronic renal failure decreased
intraerythrocyte pH
Increased erythrocyte life span:
Splenectomy
Hyperbilirubinemias
Large doses of aspirin
Chronic opiate use

Decreased glycated hemoglobin
 Administration of erythropoietin, Iron,
Vitamin B12,
 Reticulocytosis, Chronic liver disease.
 Certain hemoglobinopathies, increased intraerythrocyte pH.
 Decreased erythrocyte life span:
hemoglobinopathies, splenomegaly,
rheumatoid arthritis and drugs such as antiretrovirals, ribavirin, dapsone therapy.
 Hypertriglyceridemia.

Table 9.

6.3. Advantages and disadvantages of various HbA1c assay methods
Method

Advantages


Ion Exchange
Chromatography 


Boronate Affinity


Immunoassays

Table 10.



Disadvantages
 Variable interference from
hemoglobinopathies, HbF
Can inspect chromograms for Hb
and carbamylated Hb but
variants.
the current ion exchange
Measurements with great
assays correct for HbF and
precision.
carbamylated Hb does not
interfere.
 Measures not only glycation
Minimal interference from
of N-terminal valine on beta
hemoglobinopathies, HbF and
chain, but also beta chains
carbamylated Hb.
glycated at other sites and
glycated alpha chains.
 Affected by
Not affected by HbE, HbD or
hemoglobinopathies with
carbamylated Hb
altered amino acids on
Relatively easy to implement
binding sites.
under many different formats.

36 Pathophysiology and Complications of Diabetes Mellitus

7. Diagnosis of diabetes, its complications and management
Diabetes screening is recommended for:





Overweight children
Overweight adults (BMI greater than 30)
Adults over age 45
Family history of diabetes along associated risk factors such smoking, hypertension etc.

The diagnosis of diabetes is mainly done by using Oral Glucose Tolerance Test (OGT) and
the values are shown in Table:
NEW CRITERIA FOR DIAGNOSING
NORMAL PLASMA GLUCOSE VALUES FOR
DIABETES IN ADULTS
ADULTS
< 115 mg/dL
Time Zero
Fasting
One or more of the following must be
(6.4 mM)
present:
1. Fasting plasma glucose level of > 126
mg/dL on at least two separate occasions.
< 200 mg/dL
30 min
After 75g
(11.1 mM)
2. Random plasma glucose level of > 200 oral glucose
< 200 mg/dL
60 min
load
mg/dL with signs and symptoms of
(11.1 mM)
diabetes.
< 200 mg/dL
90 min
(11.1 mM)
3. Fasting plasma glucose level < 126
< 140 mg/dL
120 min
mg/dL but 2 hour glucose concentration
(7.8 mM)
of > 200 mg/dL during a 75-gram oral
glucose tolerance test.
Table 11.

7.1. Frequency of visits and laboratory testing
The recommended frequency of follow-up is 3-6 months for patients with type 1 diabetes
and for type 2 diabetes patients depending on the glycemic status.
Every 3 - 6 months
 Glycosylated hemoglobin
 Electrolytes, BUN and creatinine
 Physical examination including foot
examination by filament testing (Carville
approach)

Yearly
 TSH
 U/A or urine for microalbumin
 Complete chemistry panel (lipids,
 LFT, electrolytes, BUN & creatinine)
 Ophthalmology examination
 Podiatry and nutrition

Table 12.

The frequency of laboratory assessment is subject to flexibility, based on clinical judgment,
patients’ current control of diabetes, and past laboratory values.
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Podiatry if any evidence of neuropathy or breakdown of skin integrity, and nutrition, if
dietary non-compliance is suspected.

7.2. Microalbumin testing
Type 1: Annual screening for type 1 diabetes should begin at puberty and for those patients
who have had the disease for 5 years.
Type 2: Initial testing at diagnosis and thereafter annual screening needed.
Note: Microalbuminuria is urinary albumin excretion between 30-300 mg per day without
an alternative explanation (e.g. urinary tract infection, heart failure, exercise in past 48 hours
and blood glucose > 200 mg/dL). If no protein is found in a urine analysis, then a 24 hour
urine collection for microalbumin or a spot urine albumin-creatinine ratio may be used
(abnormal if > 30 mg albumin/ g creatinine) for screening.

7.3. Retinopathy screening
Baseline Screening:




For patients with type 1 diabetes who are 13 years of age or older and who have had the
disease for 5 years, a baseline screening examination is recommended, and yearly
thereafter.
For patients with type 2 diabetes, a baseline screening examination is recommended at
the time diagnosis and yearly thereafter.

Diabetic retinopathy is the leading cause of legal blindness among Americans, aged 20-74. It
is highly correlated with patient age and duration of diabetes. Visual loss secondary to
diabetic retinopathy is largely preventable if screening is universal and appropriate
treatment follows screening.

7.4. Vaccines



Pneumovaz every five years.
Influenza vaccine annually.

Regular physical activity: Helps in movement of blood glucose into tissues.

7.5. ACE inhibitors
Recommendations:



All patients who demonstrate microalbuminuria should be prescribed ACE inhibitors to
slow the progression of nephropathy whether they are hypertensive or normotensive.
Patients with type 1 who are hypertensive and do not demonstrate microalbuminuria
should be prescribed ACE inhibitors. Such patients usually develop microalbuminuria
in concert with hypertension and are best served by controlling blood pressure initially
with ACE inhibitors.
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ACE inhibitors should not be used in pregnant women due to the risk of fetal morbidity
and mortality.

NOTE:
ACE inhibitors should be titrated as high as the patient tolerates without orthostatic
symptoms, hyperkalemia and /or increasing renal insufficiency.

7.6. Oral hypoglycemic drugs and/or insulin therapy needed
Some of the drugs used are,


Sulphonylureas

First generation
Tolbutamide
Tolazamide
Acetohexamide
Chlorpropamide

Second generation
Glipizide
Glyburide
Glibenclamide
Glimepiride

Table 13.






Meglitinides:Repaglinide, Nateglinide etc
Biguanides: Metformin etc
Thiazolidinediones: Pioglitazone etc
Alpha-glucosidase: Acarbose, Miglitol etc

7.7. Life style changes such as cessation of smoking is necessary.
7.8. Health education programs should be started.
7.9. Self-monitoring of plasma glucose using glucometer.
7.10. Management of diabetic complications.

8. Conclusion
The most common chronic complication in diabetic patients is ESRD and several factors
contribute to the development of renal damage such as genetic factors, hypertension and
hyperglycemia.
The suspected cases of diabetic nephropathy will also invariably have diabetic retinopathy
and more predisposed for cardiovascular events and mortality. That’s why it’s very
important to prevent the condition then providing treatment. This is possible, as the
progression of diabetic nephropathy is slow and can be detected at an early stage.
Microalbuminuria is an early indicator of diabetic nephropathy and urine examination for
micro albumin is routinely done to detect and monitor the progression of nephropathy. As
many factors can interfere with the estimation of micro albumin, it is very important that
high standards are maintained while estimating the MA levels. Other than
microalbuminuria various newer markers have come, which still have to be studied for their
probable role in its prevention of diabetic nephropathy.
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Since, early detection of microalbuminuria can help in early diagnosis of diabetic
nephropathy, adequate care and precautions has to be taken while estimating it.

9. Further research
Further studies have to be conducted to find better markers for chronic complications.
Regular health education programs has to be conducted at an regular intervals, so that
patients lead a better life.
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1. Introduction
Diabetes mellitus (DM) is a group of metabolic diseases characterized by hyperglycemia
resulting from defects in insulin secretion, insulin action, or both. The chronic
hyperglycemia of diabetes is associated with long-term damage, dysfunction, and failure of
various organs, especially the eyes, kidneys, nerves, heart, and blood vessels (Expert
Committee on the Diagnosis and Classification of Diabetes Mellitus, 1997, 2003)

2. Epidemiology
Diabetes is one of the most common chronic diseases in the world. It is thought that more
than 360 million persons will be affected by this disease in 2030 (Wild et al., 2004).
Prevalence of diabetes is higher in western countries because of the increasing of population
age, physical inactivity and obesity, however it is rapidly spreading also in developing
countries due to the socio-economic growth with progressive urbanization and changes in
lifestyle.
Cardiovascular disease (CVD) in diabetic patients is characterized by microvascular
damage, associated with the development of diabetic retinopathy, nephropathy, and
neuropathy, and macrovascular complications linked to the accelerated course of
atherosclerosis shown in these patients. Coronary heart disease (CHD) remains the principal
cause of morbidity and mortality, in association with an increased risk of developing
cerebrovascular disease, peripheral vascular disease and heart failure.
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3. Classification and pathogenesis (Expert Committee on the Diagnosis
and Classification of Diabetes Mellitus, 1997)
DM is classified on the basis of pathogenetic mechanisms leading to hyperglycemia:







Type 1, due to a virtually complete lack of endogenous pancreatic insulin production
caused by an immune-mediated destruction of pancreatic beta cells (Immunomediated
Type I diabetes), or by unknown mechanisms (Idiopatic Type I diabetes);
Type 2, accounting for ∼90–95% of diabetic patients. Its complex pathogenesis, resulting
from a combination of genetic predisposition, unhealthy diet, physical inactivity, and
increasing weight with a central distribution of the adipose tissue leads to insulin
resistance and usually relative (rather than absolute) insulin deficiency;
Other specific types of diabetes, related to genetic defects of insulin secretion and/or
action in peripheral tissues, endocrinophaties, or infections;
Gestational DM.

Immune system and autoimmunity play a pivotal role in the pathogenesis of type 1 diabetes
mellitus (T1DM) (Atkinson & Maclaren, 1994), however inflammation may play a crucial
intermediary role also in type 2 diabetes mellitus (T2DM) (Mykkänen, 2000) and in the
development of its complications, including cardiovascular disease, thus linking it with
several coexisting conditions thought to originate through inflammatory mechanisms.

4. Inflammation, diabetes and cardiovascular risk
Epidemiological studies conducted at the end of 1970 described diabetes as a major
independent risk factor for cardiovascular disease, causing 2-4 folds increase in
cardiovascular risk (Kannel & McGee, 1979). Atherosclerosis is responsible for the 80% of
deaths in diabetic patients (Gu K et al., 1998)7, and diabetes is considered a “coronary
disease equivalent”, since several studies pointed out that diabetes-associated CV risk is
similar to that observed among non-diabetic patients with prior myocardial infarction (MI)
(Haffner et al., 1998; Schramm et al., 2008).
Diabetes is associated with an increased risk of MI and affects more than 30% of patients
with acute coronary syndromes (ACS) (Fang & Alderman, 2006). Diabetic patients show a
worse outcome after ACS events (Malmberg et al., 2000; Murcia et al., 2004), a more
complicated course of the disease and a higher incidence of ischemic recurrences (Cantrill et
al., 1995; Miettinem et al., 1998; Shindler et al., 2000). Moreover, if undergoing
revascularization procedures, they have a worse prognosis than patients without diabetes
(Banning et al., 2010; Hlatky et al., 2009).
Several angiographic studies highlighted a greater spread and progression of atherosclerotic
disease in diabetes patients. Moreover, histological specimens of atherosclerotic plaques
obtained in diabetic patients exhibit larger lipid core, a higher inflammatory cell infiltration
and increased neovascularization (Burke et al., 2004; Moreno & Fuster, 2004).
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Since the isolated treatment of hyperglycemia has not been associated to a reduction of CV
risk in diabetic people, more aggressive primary and secondary prevention measures are
needed in these patients (ADVANCE Collaborative Group, 2008; UKPDS Group, 1998).
The early onset and the burden of macroangiopathy in diabetic patients have a
multifactorial pathogenesis and are the result of very complex mechanisms including the
coexistence of multiple risk factors, such as obesity, hypertension and dyslipidemia.
Moreover hyperglycemia, insulin resistance, hyperinsulinemia and the presence of
Advanced Glycation End-products (AGE) in plasma and vascular wall are all mechanisms
involved in the establishment of a pro-inflammatory state characterized by the activation of
inflammatory cells and cytokine production, leading to immune dysregulation and prothrombotic state.
On the other hand, inflammation can be considered a common link between these factors,
being involved in each step of atherothrombosis, from the formation to the complications of
the plaque, and in the metabolic dysregulation characterizing diabetes.
Several studies have demonstrated a correlation between T2DM, inflammation and innate
immunity system. These evidences, together with more recent findings on inflammation and
immune mechanisms, could pave the way to a new etiopathogenic hypothesis of Metabolic
Syndrome and T2DM, firstly proposed by Pickup in 1997 (Pickup, 2004), and suggesting
that activation of innate immunity, together with a chronic inflammatory response, could
also play a pivotal and early role in causing diabetes, instead of being a mere consequence of
hyperglycemia, hyperinsulinemia and obesity.
Recent evidences have also shown that adaptive immunity and autoreactivity could play a
role in the pathogenesis of T2DM and in its complications (Figure 1).

5. Diabetes and innate immunity
5.1. Systemic markers of inflammation
Established T2DM is associated with elevated circulating biomarkers of innate immunity
activation, including C-reactive protein (CRP) and interleukin (IL)-6 and these alterations
are also present in patients with pre-diabetes and metabolic syndrome. In fact several crosssectional studies in non-diabetic subjects, in the general population (Festa et al., 2000; Ford,
1999a, 1999b; Frohlich et al., 2000; Hak et al., 2001; Sakkinen et al., 2000; Yudkin et al., 1999;
Visser et al., 1999; Weyer et al., 2002)23-31, or in individuals with impaired glucose tolerance
(IGT)/impaired fasting glucose (IFG) (Muller et al. 2002;, 2002b, Sriharan et al., 2002), have
confirmed that acute-phase reactants are positively correlated with measures of insulin
resistance, plasma insulin concentration, BMI, waist circumference, and circulating
triglyceride, and negatively correlated with HDL cholesterol concentration.
Additional cross-sectional studies in newly diagnosed (Temelkova-Kurktschiev et al., 2002)
or established T2DM patients (Arnalich et al., 2000; Leinonen et al., 2003; Richarsdon &
Tayek, 2002; Rodriguez-Moran & Guerrero-Romero, 1999) have confirmed that acute-phase
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Figure 1. Schematic representation of the principal mechanisms linking diabetes, vascular injury and
atherosclerotic disease. Hyperglycemia induces formation of advanced glycation end products (AGEs)
that bind to their receptors (RAGE) present on endothelial cells, smooth muscle cells, monocytes and
macrophages, thus promoting vascular inflammation, endothelial dysfunction, and prothrombotic state.
Hyperglycemia and AGEs also cause generation of reactive oxygen species (ROS), which in turn
increase AGE and oxidized low-density lipoproteins (ox-LDL) formation. These pathways are all
involved in the development of atherosclerosis and plaque progression/destabilization in diabetic
patients.

markers such as CRP and IL-6 are elevated in these subjects compared with non-diabetic
controls (Katsuki et al., 1998; Pickup et al., 2000; Winkler et al., 1998).
On the other side it has been shown how abnormal circulating levels of acute-phase
reactants, in particular CRP and serum amyloid A, and inflammatory cytokines like IL-6, are
good predictor of the development of T2DM in nondiabetic subjects. Schmidt and colleagues
(Duncan et al., 1999; Schmidt et al., 1999), using data from the Atherosclerosis Risk in
Communities study, showed for the first time that inflammatory markers, such as white
blood cell count, low serum albumin, α1-acid glycoprotein, fibrinogen, and sialic acid,
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predict the development of T2DM and this has been confirmed by several follow-up studies
in different populations (Table 1).
Authors

Year

Inflammatory
marker(s) analized

Subjects

Follow-up
(years)

Pradhan et al.

2001

CRP and IL-6

US women

4

Barzilay et al.

2001

CRP

US men and
women

3-4

Vozarova et al.

2002

White blood count

Pima Indians

5,5

Festa et al.

2002

CRP, fibrinogen, and
PAI-1

Multiethnic
subjects

5

Freeman et al.

2002

CRP

Scottish men

5

Ford et al.

2002

White blood count

US men and
women

20

Nakanishi et al.

2002

White blood count

Japanese men

6

Snijder et al.

2001

CRP

Dutch men and
women

6

Spranger et al.

2003

IL-6, with additional
risk of IL-6 and IL-1
combined

German men
and women

2.3

Thorand et al.

2003

CRP

German middleaged men and
women

7.2

Legend: CRP, C-reactive protein; IL, interleukin; PAI, plasminogen activator inhibitor.

Table 1. Inflammatory markers and the prediction of T2DM development

The association between altered levels of acute-phase reactants and the development of
diabetes is generally independent of age, sex, blood glucose concentration, family history of
diabetes, physical activity, smoking, and baseline atherosclerosis, while it seems to be
weaker if adjusted for obesity (Pickup, 2004).
It has been shown that treatment with high doses of aspirin is associated with a 25%
reduction in fasting plasma glucose, a 50% reduction in triglycerides and a 15% decrease of
total cholesterol and CRP, even if no change in body weight occurs (Hundal et al., 2002).
Recent studies have shown a role played by genetic variations in influencing the innate
immune response and the risk of developing T2DM, obesity and atherosclerosis (FernandezReal & Pickup, 2008). These variations can relate to genes encoding proteins like
inflammatory markers, cytokines and cellular pattern-recognition receptors (PRR).
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Genetic predisposition to high transcription rate of TNF-α and IL-6 genes is associated with
an increased risk of developing obesity, insulin-resistance and diabetes (Fernandez-Real &
Ricart, 2003).
Increased levels of inflammatory markers and insulin resistance have been also connected to
a genetically determined reduction of serum levels of soluble CD14, a molecule expressed
by macrophages able to bind lipopolysaccharide (LPS), and Bactericidal and Permeability
Increasing protein (BPI), produced by neutrophils (Fernandez-Real et al., 2003; Gubern,
2006).
Moreover, decreased levels of mannose-binding lectine (MBL), a protein involved in the
clearance of infectious pathogens through the induction of complement activation and
macrophage phagocytosis, have been associated both with a raised risk of infections
(Summerfield et al., 1997), CHD (Best et al., 2004), obesity and insulin resistance (FernandezReal et al, 2006).

5.2. Toll like receptors as link between inflammation and metabolic diseases
Mechanisms by which the activation of the innate immunity can cause insulin resistance
have been clarified recently; many studies have revealed how TNF-α could activate the cJun NH2-terminal kinase, a stress-induced kinase which serinephosphorylates many
signaling proteins, including insulin receptor substrate (IRS)-1 and IRS-2, thereby inhibiting
insulin signaling (Morris et al., 2003).
A crucial role, in this setting, is probably played by Toll-like receptors (TLR). TLR are key
receptors of innate immunity recognizing a huge number of molecules usually expressed by
pathogen microorganisms but absent in mammal tissues, named pathogen-associated
molecular patterns (PAMPs), and other molecules called damage-activated molecular
patterns (DAMPs); therefore TLR belong to the family of PRR (Kawai & Akira, 2010).
To date, 13 TLRs have been described, both located on the extracellular surface or in the
intracellular compartment (Takeda & Akira, 2004). Among them, TLR2 and TLR4 have been
associated with metabolic disorders, as well as with atherosclerosis and its clinical
manifestations. TLR2 and TLR4 loss-of-function, absence or inhibition in high-fat diet
murine models has been related to a decrease in weight gain, insulin resistance and betacells dysfunction (Caricilli et al., 2008; Ehses et al., 2010; Tsukumo et al., 2007). TLR4 is
highly conserved and selectively activated by lipopolysaccharides (LPS), a constituent of
Gram-negative bacterial cell-wall (Kawai & Akira, 2010). Some authors have demonstrated
how the lauric acid, a medium-chain fatty acid (FA) component of LPS, trigger TLR4
signaling in macrophages and have revealed how saturated FAs, but not unsaturated,
activate inflammatory signals in adipose cells and macrophages (Lee et al., 2001, 2003).
Other studies have proposed that the sphingolipid ceramide, synthesized from FAs, might
represent a possible link between high-fat diet intake and TLR pathways. Indeed,
sphingolipid ceramide is able to activate TLR4 signaling (Fischer et al., 2007; Schwartz et al,
2010), and the inibition of its biosynthesis improves glucose tolerance in murine models
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(Holland et al., 2007). However, the previously described studies have not adequately
eliminated potential contamination of the reagents used in the experimental condition with
bacterial products. Therefore, the direct stimulation of TLRs in various cell types attributed
to saturated FAs might be due to LPS contamination (Erridge & Samani, 2009).
The expression in the vessel wall of both TLR2 and TLR4 has a synergistic effect on the
progression of atherosclerotic plaque (Monaco et al., 2009; Shinoara et al., 2007). TLR4,
whose endogenous ligand is ox-LDL (Xu et al., 2001), is highly expressed in SMC of
atherosclerotic vessels, where it has been associated with the induction of a proinflammatory phenotype (Loppnow et al., 2008; Otsui et al., 2007). Furthermore, TLR4 has
been found in atherosclerotic lesions and at the site of plaque rupture in patients with MI
(Ishikawa et al., 2008), and its expression is increased in thrombi from patients with acute
coronary syndromes (Wyss et al., 2010; Yonekawa et al., 2011). Moreover, several studies
showed that circulating monocytes of patients with atherosclerotic disease exhibit higher
expression of TLR2 and TLR4 as compared to healthy individuals (Geng et al., 2006;
Kuwahata et al., 2010; Mizoguchi et al., 2007; Shiraki et al., 2006), and an enhanced TLR
signaling has been demonstrated in monocytes of patients with ACS (Ashida et al., 2005;
Methe et al., 2005; Versteeg et al., 2008).
To date, the mechanisms linking high-fat diets with TLR-signaling and associated
pathologies, such as atherosclerosis and insulin resistance, remain to be discovered. As an
alternative TLR-dependent mechanism, currently under investigation, the large quantities of
lipopeptide and LPS derived from the commensal organisms of the mammalian intestine
may contribute to systemic stimulation of TLR2 or TLR4 signaling. Administration of LPS in
mice has been associated with an increase of hepatic insulin resistance and a decrease of
glucose tolerance (Arkan et al., 2005; Cani et al., 2007). It has been shown that blood levels of
LPS are higher in T2DM patients than in healthy controls and correlate with insulin levels
and glucose ( Al-Attas et al., 2009; Creely et al., 2007; Harte et al., 2010). Hence, an increased
level of PAMPs like LPS may play an important role in the development of the
inflammatory status characterizing metabolic diseases like T2DM.
Main sources of PAMPs are represented by infections, commensals and diet (Erridge, 2011).
It’s difficult to assess the quantitative contribution of each of them to PAMPs burden in
humans, but increasing evidences are demonstrating that, under certain conditions like high
fat meals, PAMPs derived from commensals and diet can effectively translocate from the
intestinal lumen to the circulation (Erridge et al, 2007; Laugerette et al., 2010). Indeed, it has
been widely demonstrated that oral microorganisms and human periodontitis are associated
with an increased risk of developing atherosclerosis and T2DM (Bahekar et al., 2007). The
small intestine seems to be the main contributor of the global circulating PAMPs burden,
mostly due to the absorption of PAMPs swallowed from the oral cavity. This is probably
due to the bigger surface area compared to large intestine and the fat-soluble nature of
PAMPs such as LPS, accounting for their easier absorption in chylomicrons with dietary fat,
a process taking place only in the small intestine (Ghoshal et al., 2009). Moreover, it is
reasonable that the most part of PAMPs absorbed in the large intestine firstly reach liver
through the portal system, being there effectively removed from circulation; on the other
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hand, PAMPs from the small intestine, through chylomicrons absorption, can reach
lymphatic system and general circulation bypassing the liver. Finally a quote of PAMPs may
come from diet. Interestingly, it has been demonstrated that PAMPs are nearly absent in
fresh food, but they can be copious in a number of processed food typical of Western diet,
such as meat and dairy products (Erridge, 2010, 2011).

5.3. Role of inflammasomes in peripheral insulin resistance
Recent studies also highlighted a crucial role of inflammasomes pathways both in insulin
production and in insulin sensitivity.
Inflammasomes are group of protein complexes which recognize a diverse set of
inflammation-inducing stimuli, including PAMPs, and DAMPs (Strowig et al., 2012). The
activation of these complexes lead to the proteolitic activation of caspase-1 and, finally, to
the production and release of important pro-inflammatory cytokines such as IL-1β and IL-18
(Davis et al., 2011; Schroder & Tschopp, 2010). The most widely studied inflammasome is
the NLRP3 inflammasome, which could be activated by a large variety of signals, included
PAMPs, DAMPs and bacterial toxins.
A two-step process is required to induce NLRP3 inflammasome activation. A first priming
step is usually mediated by PRRs, such as TLR, or cytokines receptors known to induce
activation of NFkB, and leads to production and intracellular release of inactive forms of
NLRP3. A subsequent activation step induces the inflammasome assembly; it starts in
response to a variety of stimuli, such as potassium efflux, extracellular ATP, reactive oxygen
species (ROS) and rupture of lysosomal membrane integrity, and leads to caspase-1 activation
and cleavage of pro-IL1β. Recent evidences suggest that NLRP3 play a pivotal role both in the
early stages and in the chronic progression of T2DM (Kahn et al., 2006). Vandanmagsar et al.
found that NLRP3 inflammasome is largely expressed in adipose-tissue-infiltrating
macrophages, and it is activated by obesity–associated ‘danger–signals’, such as the saturated
fatty acid palmitate and lipotoxicity–associated ceramide (Vandanmagscar et al., 2011). They
also demonstrated how the expression of NLPR3 in the adipose tissue is directly correlated to
insulin resistance both in mice and humans and that blockade of NLRP3 could reduce
inflammation and improve insulin sensitivity (Vandanmagscar et al., 2011). Other studies
demonstrated that during obesity, circulating free fatty acids are scavenged by adipose tissue
macrophages to produce ceramide ( Shah et al., 2008) and confirmed the role of this lipid
molecule in inducing NLRP3 inflammasome activation (Boden & Ceramide, 2008). IL-1β,
produced as a result of inflammasome activation, inhibits insulin signaling (Wen et al., 2011)
by direct serine phosphorylation of IRS-1 and induces the expression of TNF-α (Strowig et al,
2012), an insulin-resistance-promoting cytokine as discussed above. IL-1β and IL-18 also
induce type 1 CD4+T-helper cells differentiation in adipose tissue (Vandanmagscar et al., 2011).
Moreover, the activation of caspase-1 seems to be related also to adipocytes differentiation and
adipokines production (Stienstra et al., 2011).
Inflammasome activation is also involved in impaired insulin secretion associated with
overt T2DM. Human β-cells are capable to produce IL-1β when exposed to elevated glucose
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concentration (Maedler et al., 2002). Several models have been proposed to explain the
inflammasome mediated pancreatic islets dysfunction and particularly the role of ROS
induced inflammasome activation has been highlighted. Hyperglycemia stimulates
mitochondrial ROS production by increasing the activity of the electron transport chain,
leading to the activation of NLRP3. Thioredoxin-interacting protein (TXNIP) is usually
bound to oxidoreductase thioredoxin, however, when intracellular ROS increase, it seems to
act as an upstream specific activating lingand for NLRP3. TXNIP expression is induced by
glucose (Oka et al., 2009) and repressed by insulin (Parikh et al., 2007). Moreover, glucose
induces the expression of TXNIP in pancreatic islets but not in macrophages(Zhou et al.,
2010) and glucose dependent IL-1β secretion in pancreatic islets is inhibited in TXNIP- and
NLRP3-knockout mice and antagonized by ROS-blockers. Taken together, these evidences
suggest that a chronic condition of high plasmatic glucose levels induces pancreatic islets
dysfunction through a mechanisms involving TXNIP-dependent NLRP3 inflammasome and
that, once activated, this inflammasome could represent an adjunctive and self-maintaining
immune-metabolic stressor.
Hystopathological studies recently showed deposition of islet amyloid polypeptide (IAPP,
also known as amylin) in pancreatic islets of T2DM patients (Seino et al., 2001), that seems to
be able to specifically activate the NLRP3 inflammasome through a mechanism that involves
disruption of the phagolysosomal pathway (Masters et al., 2010).
Additional support for a pathological role of inflammasomes in T2DM comes from human
clinical trials in which blockade of IL-1β signaling by Anakinra, a recombinant human IL-1
receptor antagonist (IL-1RA) demonstrated sustained reduction of inflammation, improved
glycaemic control and β-cell function in T2DM patients (Dinarello et al., 2010; Larsen et al.,
2007).
Moreover inflammatory cytokines such as TNF-α, IL-1β, and IL-6 also downregulate
peroxisome proliferator activated receptor-γ (PPAR-γ) expression (Tanaka et al., 1999).
PPAR-γ is a ligand-activated transcription factor highly expressed in adipose tissue, where
it controls adipocyte differentiation and lipid storage, and modulates insulin action. It
represents the target of thiazolidinediones (TZDs) pioglitazone and rosiglitazone, which are
demonstrated to improve glycemic control and insulin-sensitivity and to reduce T2DMassociated inflammation (Miyazaki et al., 2001a, 2001b)120,121.
As noted above, much evidence suggests an intimate relationship among IL-1β, the NLRP3
inflammasome and the metabolism of lipids and carbohydrates. This occurs at the level of
enhanced NLRP3 inflammasome activation and processing of IL-1β to the mature cytokine
in response to saturated fatty acids and also at the level of glucose metabolism through the
requirement of glycolysis for induction of IL-1β mRNA. The pathogenic role of IL-1β in
atherosclerotic plaque formation and in insulin resistance in T2DM attests to the importance
of inflammasome-mediated pathways as link between inflammation, T2DM and CVD. The
exacerbation of NLRP3 inflammasome activation by cholesterol crystals in atherosclerosis
(Duewell et al., 2010; Rajamäki et al, 2010) and by IAPP in type 2 diabetes (Masters et al.,
2010), provides a positive feedback loop to promote disease pathogenesis.

54 Pathophysiology and Complications of Diabetes Mellitus

Taken together, these findings support a crucial role of different molecules and pathways of
innate immunity in the complex metabolic imbalance underlining T2DM, and possible
contributing to the disease-associated cardiovascular risk. Insight into the above described
molecular pathways could help in the design of new therapeutic strategies.

6. Diabetes and adaptive immunity
In the past years, a possible role of adaptive immunity and autoreactive mechanisms in the
pathogenesis of T2DM has probably been underestimated and, therefore, poorly
investigated. However, increasing evidences support the role of autoimmunity and adaptive
immune system in the pathogenesis of T2DM and its vascular complications (BrooksWorrell & Palmer, 2012; Nikolajczyk et al, 2011). It has been recently demonstrated that Tlymphocytes of patients with T2DM produce large amounts of pro-inflammatory cytokines,
such as IL-8, showing in contrast a decreased production of anti-inflammatory cytokines,
such as IL-10 (Jagannathan et al., 2010). These functional alterations are consistent with
those previously demonstrated in monocytes of T2DM patients (Giulietti et al., 2007;
Hatanaka et al., 2006; Pitocco et al., 2009), and result in an imbalance of cytokines network
and in a strongly pro-inflammatory environment. High pro-inflammatory cytokines
production has been associated in several studies with insulin-resistance and DM
development, while the inhibition of some pro-inflammatory mediators prevented insulinresistance in mice (Arkan et al., 2005; Cai et al., 2005; de Roos et al., 2009; Ehses et al., 2009;
Reimers, 1998.
Moreover, the role of a perturbation of T-cell repertoire has been demonstrated in murine
models of T2DM. Particularly, regulatory T-cells (Treg) are significantly diminished in the
adipose tissue of obese insulin-resistant mice compared to non-obese animals. Treg cells
isolated and expanded ex-vivo, in these models, were found able to exert an antiinflammatory activity and lessen insulin-resistance (Feuerer et al., 2009). On the other hand,
Interferon (IFN)-γ-producing cells in the adipose tissue of obese mice may cause an
imbalance in glucose homeostasis. The alterations mediated by T-cells with a Th1
phenotype, characterized by IFN- γ production, can be counterbalanced by CD4+T-cells with
an anti-inflammatory phenotype, such as Treg and Th2 lymphocytes producing IL-10
(Winer et al., 2009), thus underlining the importance of a physiological balance between
different T-cells subset in the metabolic homeostasis of adipose tissue, which has a crucial
role in the pathogenesis of insulin resistance and T2DM onset. Another cellular type
possibly involved in inflammation and insulin-resistance in T2DM are IL-17 producing Tcells, so called Th17. This aggressive, pro-inflammatory T-cell subset has been found at high
levels following IL-6 stimulation in the spleen of obese mice, and could contribute to the
inflammatory environment strongly related to insulin resistance development and
maintenance in T2DM (Winer et al., 2009). Consistently with this hypothesis, high levels of
cytokines conditioning T-cell differentiation toward a Th17 phenotype, such as IL-6, IL-1β
and Tranforming Growth Factor (TGF)-β, have been measured in diabetic patients (AcostaRodriguez et al., 2007; Andriankaja et., 2009; Osborn et al., 2008; Yang et al., 2008). These
pro-inflammatory cytokines could promote Th17 cells expansion and inhibit Treg
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differentiation in T2DM patients. In recent years, a higher percentage of a particular T-cell
type, CD4+ CD28null T lymphocytes, has been found in diabetic patients undergoing
microvascular complications, e.g. proliferative retinopathy (Canton et al., 2004). An
expansion of this particular T-cell population, which is infrequent in healthy young people
and slightly expanded in the elderly, has been detected in patients with unstable angina
(Liuzzo et al., 1999, 2000); in this population, a percentage of CD4+CD28null T-cells >4%,
representing the 90th percentile of distribution in healthy individuals, is associated with a
poor outcome (Liuzzo et al., 2007). These cells have particular aggressive features, showing
an increased IFN-γ production and anti-apoptotic factors expression (Liuzzo et al., 2001),
and could be involved in abrupt atherosclerotic plaque destabilization through several
mechanisms. In fact, CD4+CD28null T-lymphocytes exert cytolitic effects on endothelial cells
and express high levels of TNF-related apoptosis-inducing ligand (TRAIL), thus promoting
smooth muscle cells apoptosis within the atherosclerotic plaque (Nakajima et al., 2002; Sato
et al., 2006). With these premises, the recent finding of an expansion of CD4+ CD28null T-cells
in diabetic patients is extremely interesting, suggesting a possible role of adaptive immune
disregulation, either primary or induced by the altered metabolic status and the
inflammatory environment characterizing the disease, in the increased cardiovascular risk
which is one of the most relevant clinical features of T2DM, accounting for the majority of
disease-related mortality and morbidity (Giubilato et al., 2011). Consistently, in the same
study CD4+ CD28null T-lymphocytes expansion was closely related to a poor glycaemic
control, and was associated with a higher incidence of cardiovascular events during followup.
Other fingerprints of adaptive immunity activation have been investigated in T2DM
patients.
Increased activity of adenosine-deaminase (ADA) has been described in this population
(Prakash et al., 2006). ADA is an enzyme that converts adenosine into inosine through an
irreversible deamination reaction, and it is involved in T-cell proliferation and activation
(Kather, 1990). Moreover, since adenosine increases glucose uptake into cells, an effect of
ADA in reducing tissutal insulin sensitivity has been described (Gorrell et al., 2001). A
recent study has confirmed an increased ADA activity in T2DM patients, underlining also
an association between enzyme function and fasting glucose levels, as well as HbA1c. Thus,
inflammation, T-lymphocytes activation and glucose metabolism seem to be tightly related
in the complex setting of T2DM (Lee et al., 2011).
Tregs are another important T-cell type widely involved in autoreactive processes and in the
modulation of the inflammatory environment associated with various diseases and
pathological conditions. In the setting of diabetes mellitus, Tregs have been extensively
investigated both in animal models and human patients with T1DM (Chatenoud et al., 2005,
Randolph & Fathman, 2006), while less studies have been performed on Tregs in T2DM.
Interestingly, a recent study in mice demonstrated that Treg induction was associated to a
reduction of adipose tissue inflammation and insulin resistance, with a concomitant
improvement of metabolic parameters of lipid metabolism and glycaemic control (Ilan et al,
2010). Consistently, a subsequent study proved an inverse relation between Treg expression
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and function and insulin resistance in mice; Treg expansion was also associated with a
reduction of signs of diabetes-related end-organ damage, such as nephropathy (Eller et al,
2011).
Finally, B-lymphocytes function has been poorly investigated in T2DM, but some data seem
to indicate a role of these cells in the establishment and/or maintenance of a chronic
proinflammatory state in this setting. For example, an altered B-cell activity related to
cellular TLR dysfunction and leading to increased IL-8 and decreased IL-10 production has
been recently demonstrated (Jagannathan et al, 2010).
Overall, these evidences suggest a diabetes-associated alteration of all components of
adaptive immunity; these alterations could be implicated in the pathogenesis of the disease
and, on the other hand, triggered and maintained by the disease itself, thus creating a proinflammatory, pro-atherosclerotic, vascular-damaging environment strongly associated with
cardiovascular complications of T2DM.

7. Treating T2DM by targeting immunity
As a role of inflammation has been suggested in the development of diabetes and its
vascular complications, TLRs and inflammasome could represent attractive drug targets.
Several drugs currently adopted to control hyperglycemia and inflammation and improve
prognosis in T2DM patients may also exert their effects on TLR-mediated pathways. For
example, it has been shown that statin therapy reduces TLR2 and TLR4 expression (Methe et
al., 2005; Niessner et al., 2006; Stoll et al., 2006). The role of PPAR-γ agonists in inhibiting
TLR activation both in vitro and in vivo has also been investigated (Dasu et al., 2009; Ji et al.,
2009), as well as the ability of some angiotensin receptor blockers to decrease mRNA and
protein levels of TLR2 and TLR4 (Dasu et al., 2009). However, although several molecules
and drugs could potentially reduce inflammation associated with TLR signaling, studies on
humans have to date shown a clear beneficial effect only related to statin therapy. Moreover,
no drugs directly targeting TLRs have been developed.
For what concerns inflammasome’s related pathways, the role of IL-1β in the impairment of
pancreatic β -cell function, leading to apoptosis and decompensated insulin secretion, has
prompted the use of anakinra in a double-blind clinical trial in patients with T2DM, that
showed an improvement in β -cell secretory function, glycemia and inflammatory markers
both during treatment and after drug withdrawal (Larsen et al., 2007, 2009).
A recent study tested in mice the efficacy of a high affinity monoclonal antibody to IL-1β,
XOMA 052, showing an inhibition of atherosclerotic plaques formation (Bhaskar et al., 2011).
Although clinical trials testing this antibody in T2DM patients failed in demonstrating an
improvement in glycemic control, XOMA 052 potentially might reduce cardiovascular risk,
since its administration in diabetic patients was associated with a reduction of inflammatory
markers and increased levels of high-density lipoprotein.
Furthermore, drugs directly targeting caspase-1 have been tested in mice with promising
results in reducing obesity and improving insulin sensitivity (Stienstra et al., 2010).
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8. Conclusions
Type 2 diabetes is a complex disease involving the whole metabolic profile of the organism
and exerting pathological effects on several organs and systems. The disease is associated
with a chronic low-grade inflammation predictive of, and possibly responsible for, many of
the clinical signs and complications of T2DM. The diabetes-associated inflammatory status
can be the consequence of the metabolic abnormalities characterizing the disease, but
increasing evidences are proposing also an important role of immune system disregulation,
involving both innate and adaptive immunity, in the pathogenesis of T2DM. Cellular
homeostasis is strictly dependent on the cross talk between immune system and metabolic
regulators. Hence, any imbalances between them could represent a trigger for metabolic
dysfunctions such those related to diabetes. Despite the huge number of evidences at our
disposal highlighting the role of TLRs’ and inflammasomes’ pathways in pancreatic islets
dysfunction and T2DM, to date no drugs directly targeting TLRs or the NLRP3
inflammasome have been developed. However, clinical trials have been addressed, with
positive results, at evaluating the efficacy of downstream products’ blockers, such as
Anakinra, a recombinant IL-1RA.
Further studies are warranted in unraveling the complex relationship between T2DM and
immune system, and its implication for cardiovascular diseases.
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1. Introduction
Diabetes mellitus (DM) is the most frequent cause of chronic kidney failure in both
developed and developing countries [1]. Diabetic nephropathy, also known as KimmelstielWilson syndrome or nodular diabetic glomerulosclerosis or intercapillary
glomerulonephritis, is a clinical syndrome characterized by albuminuria (>300 mg/day or
>200 mcg/min) confirmed on at least two occasions 3-6 months apart, permanent and
irreversible decrease in glomerular filtration rate (GFR) (Table 1), and arterial hypertension
[2]. The syndrome was first described by a British physician Clifford Wilson (1906-1997) and
American physician Paul Kimmelstiel (1900-1970) in 1936 [3].

Diabetes
Normoalbuminuria
Microalbuminuria
Proteinuria

Decline in glomerular filtration rate (ml/min/year)
Type 1
Type 2
1,2 - 3,6
0,96
1,2 - 3,6
2,4
9,6 - 12
5,4 - 7,2

Table 1. Decline in glomerular filtration rate in various stages of type 1 and type 2 diabetes. Available:
http://emedicine.medscape.com/article/238946-overview. Accessed 2012 May 14

Diabetic nephropathy is a chronic complication of both type 1 DM (beta cell destruction –
absolute lack of insulin) and type 2 DM (insulin resistance and/or decreased secretion of
insulin) [4]. There are five stages in the development of diabetic nephropathy.
Stage I: Hypertrophic hyper filtration. In this stage, GFR is either normal or increased. Stage
I lasts approximately five years from the onset of the disease. The size of the kidneys is
increased by approximately 20% and renal plasma flow is increased by 10%-15%, while
albuminuria and blood pressure remain within the normal range.
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Stage II: The quiet stage. This stage starts approximately two years after the onset of the
disease and is characterized by kidney damage with basement membrane thickening and
mesangial proliferation. There are still no clinical signs of the disease. GFR returns to normal
values. Many patients remain in this stage until the end of their life.
Stage III: The microalbuminuria stage (albumin 30-300 mg/dU) or initial nephropathy. This
is the first clinically detectable sign of glomerular damage. It usually occurs five to ten years
after the onset of the disease. Blood pressure may be increased or normal. Approximately
40% of patients reach this stage.
Stage IV: Chronic kidney failure (CKF) is the irreversible stage. Proteinuria develops
(albumin > 300 mg/dU), GFR decreases below 60 mL/min/1.73 m2, and blood pressure
increases above normal values.
Stage V: Terminal kidney failure (TKF) (GFR < 15 mL/min/1.73 m2). Approximately 50% of
the patients with TKF require kidney replacement therapy (peritoneal dialysis,
hemodialysis, kidney transplantation) [5].
In the initial stages of diabetic nephropathy, increased kidney size and changed Doppler
indicators may be the early morphological signs of renal damage, while proteinuria and
GFR are the best indicators of the degree of the damage [6].

2. Epidemiology
The prognostic value of a small amount of albumin in urine for the development of kidney
damage in patients with type 1 or 2 DM was confirmed in the early 1980’s. This stage of
kidney damage was called the microalbuminuria stage or initial nephropathy [7].
Approximately 20-30% of the patients develop microalbuminuria after 15 years of disease
duration and less than half develop real nephropathy [8]. The European Diabetes
(EURODIAB) Prospective Complications Study Group [9] and 18-year Danish study [10]
showed that the overall occurrence of microalbuminuria in patients with type 1 and 2 DM is
12.6% (after 7.3 years) and 33%, respectively. According to the United Kingdom Prospective
Diabetes Study (UKPDS), the annual incidence of microalbuminuria in patients with type 2
DM in Great Britain is 2% and the prevalence is 25% ten years after the diagnosis [2].
Proteinuria develops in approximately 15-40% patients with type 1 DM, usually after 15-20
years of DM duration [11]. In patients with type 2 DM, the prevalence varies between 5%
and 20% on average [2]. Diabetic nephropathy is more frequent in African Americans, Asian
Americans, and Native Americans [12]. In Caucasians, the progressive kidney disease is
more frequent in patients with type 1 than type 2 DM, although its overall prevalence in the
diabetic population is higher in patients with type 2 DM because this type of DM is more
prevalent [13]. The occurrence of diabetic nephropathy in Pima Indians is very interesting,
indeed. According to a study published in 1990, around 50% of Pima Indians with type 2
DM developed nephropathy after 20 years of the disease, and 15% of them were already in
the terminal stage of kidney failure [14].

Diabetic Nephropathy 73

In the United States, the occurrence of diabetic nephropathy in patients beginning kidney
replacement therapy doubled in the 1991-2001 period [12]. Fortunately, the trend has been
decreasing, most likely due to the better prevention and earlier diagnosis and treatment of
DM [15].

3. Pathology
Glomerular filtration barrier functions as a complex biological sieve. As opposed to other
capillaries in the body, glomerular capillaries are highly permeable to water (hydraulic
conductivity) and relatively impermeable to large molecules. Such permeability is possible
because of the unique three-layer structure of glomerular filtration membrane consisting of
endothelial glycocalyx, glomerular basement membrane, and podocytes (glomerular
visceral epithelial cells). Pathological changes develop in the glomeruli of patients with
long-duration DM before the appearance of microalbuminuria.
The severity of glomerular damage is proportional to GFR value, DM duration, and blood
glucose regulation [16,17]. The main pathohystological changes in diabetic nephropathy
include the thickening of the glomerular basement membrane (GBM), mesangial
expansion, nodular sclerosis – Kimmelstiel-Wilson change, diffuse glomerular sclerosis,
tubular interstitial fibrosis, and arteriosclerosis and hyalinosis of kidney blood vessels
(Figures 1-3).

Figure 1. Photography shows delicate structure of normal glomerulus with thin glomerular basement
membrane and unrecognizable mesangium. HE stain, X 400.
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Figure 2. Class II b diabetic nephropathy. Diffuse expansion of mesangium (star) and diffuse thickening
of the glomerular basement membrane (arrow). PAS stain, X400.

Figure 3. Class III diabetic nephropathy. Sclerotic nodule (Kimmelstiel–Wilson) in nodular diabetic
nephropathy (arrow). Afferent and efferent arteriolar hyalinosis is characteristic for diabetic
nephropathy (star). The arrow in the lower right corner indicates thickening of the tubular basement
membrane. Mallory stain, X 100.
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Among other pathological lesions, we should mention hyalinosis, the so-called fibrin cap,
which consists of accumulated hyaline material between endothelial cells and glomerular
basement membrane (Figure 4) [18]. Fibrin cap is present in approximately 60% of the cases
and is believed to be associated with chronic ischemia [19].

Figure 4. Fibrin cap (arrow) is characteristic for diabetic nephropathy. It is caused by insudation and
accumulation of glycosilated plasma proteins between the glomerular endothelium and the glomerular
basement membrane. Diffuse expansion of mesangium is designated by four point star. PAS stain,
X 200.

There is a significant overlap between the described changes in patients in different stages of
albuminuria, independent of their type of DM [16]. All histological patterns have identical
prognostic significance (Figures 5,6). However, the fact that the expansion of mesangium
and glomerular sclerosis do not occur simultaneously indicates their different pathogenesis
within diabetic nephropathy [20]. Under light microscopy, the reduction in the podocyte
number is easily noticed in patients with type 1 DM and 2 [21].
Since histological changes in both types of DM overlap to a great extent, the Scientific
Committee of the Society for Pathological Anatomy established the Pathologic Classification
of Diabetic Nephropathy, where diabetic nephropathy is histologically divided into four
stages of glomerular damage (Table 2).
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Class
I

Description
Mild or nonspecific LM
changes and EM-proven GBM
thickening

II a

Mild mesangial expansion

II b

Severe mesangial expansion

III

Nodular sclerosis
(Kimmelstiel – Wilson lesion)
Advanced diabetic
glomerulosclerosis

IV

Inclusion criteria
Biopsy does not meet any of the criteria
mentioned below for class II, III, or IV GBM 395
nm in female and 430 nm in male individuals 9
years of age and oldera
Biopsy does not meet criteria for class III or IV
Mild mesangial expansion in 25% of the
observed mesangium
Biopsy does not meet criteria for class III or IV
Severe mesangial expansion in 25% of the
observed mesangium
Biopsy does not meet criteria for class IV At
least one convincing Kimmelstiel –Wilson lesion
Global glomerular sclerosis in 50% of Glomeruli
Lesions from classes I through III

Table 2. Four classes of glomerular lesions in diabetic nephropathy. Adapted from [22].
LM, light microscopy. EM, electronic microscopy. GBM, glomerular basement membrane.
a On the basis of direct measurement of GBM width by EM, these individual cutoff levels may be
considered indicative when other GBM measurements are used.

The same group of international experts established the histological scoring system for the
changes in the interstitium and relevant blood vessels (Table 3) [22].
Lesion
Interstitial lesions
IFTA

interstitial inflammation

Vascular lesions
arteriolar hyalinosis

presence of large vessels
arteriosclerosis (score worst
artery)

Criteria

Score

No IFTA
< 25%
25% - 50%
> 50%
Absent
Infiltration only in relation to IFTA
Infiltration in areas without IFTA

0
1
2
3
0
1
2

Absent
At least one area of arteriolar hyalinosis
More than one area of arteriolar hyalinosis
No intimal thickening

0
1
2
Yes/No
0

Intimal thickening less than thickness of media
Intimal thickening greater than thickness of media

1
2

Table 3. Interstitial and vascular lesions of diabetic nephropaty. Adapted from [22].
IFTA, interstitial fibrosis and tubular athrophy.
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In addition to diabetic nephropathy, glomerular sclerosis can also develop in other
pathological conditions in patients with DM. These are:
a.
b.
c.
d.

dysproteinemia (amyloidosis and other deposit diseases)
conditions with chronic ischemia (cyanotic congenital heart disease)
chronic membranoproliferative glomerulonephritis
Idiopathic diseases mostly associated with smoking and increased blood pressure [23].

It means that pathological findings in the urine of patients with DM (proteinuria and
erythrocyturia) are not necessarily the result of diabetic nephropathy and should not be
considered as such. This finding is a diagnostic challenge for a clinician as well as
pathologist [24]. Therefore, in case of hematuria, more severe nephrotic syndrome, and/or
rapidly advancing deterioration of renal function without concomitant diabetic
nephropathy in patients with DM, we should consider an underlying non-diabetic kidney
disease. Kidney biopsy with a complete analysis of the sample (light, immunofluorescent,
and electron microscopies) represents the gold standard in the diagnostic workup of
patients with non-diabetic renal disease. Always correlate the biopsy findings with the
clinical history. If the patient is not diabetic, consider the diagnosis of idiopathic nodular
glomerulosclerosis

Figure 5. There was marked thickening, irregularity of the basement membrane of the capillary wall
with lamellation (electron microscopy, arrow, 2.8 k)
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Figure 6. Mesangial regions are also expanded by excess mesangial matrix-like material (electron
microscopy, arrow, 7.1 k)

If primary glomerular disease is found in a patient with DM, with or without diabetic
nephropathy, the therapeutic approach changes as well as the course and outcome of the
renal disease [25].

4. Pathogenesis
Pathogenesis of diabetic nephropathy is very complicated and results from the interaction of
hemodynamic and metabolic factors.
Glomerular hyper filtration
Increased intraglomerular pressure and hyper filtration as early changes in the development
of diabetic nephropathy were described by Stadler and Schmidt in 1959 [26]. In the 1970's,
Mogensen emphasized that as many as 40% newly found DM cases had increased
glomerular filtration [27].
Although the mechanism of development of hyper filtration is not completely understood,
several factors have been found to play a role in its development.
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Hormones
The role of hormones was experimentally demonstrated in the study by Serri et al, who
showed that the infusion of somatostatin analogues (octreotide) partly led to the decrease in
hyperfiltration and kidney size. In their study, glycemic regulation, plasma glucagon, and
growth hormone levels remained unchanged, but the concentration of insulin-like growth
factor-1 (IGF-1) decreased [28]. Pathogenetic role of IGF-1 has not been completely
elucidated, but it is known that exogenous administration of his hormone in non-DM
patients leads to afferent arteriolar dilation and GFR increase, which are the changes also
observed in initial diabetic nephropathy [29]. The identical hemodynamic changes, along
with the increase in kidney size, occur in experimental animal models after the infusion of
IGF-1 [30]. Sex hormones may also influence hyperfiltration. Cherney et al. [31] observed a
decrease in kidney blood flow and vascular resistance in response to hyperglycemia in
women, but not in men. The same study showed that the addition of angiotensin-converting
enzyme inhibitor (ACEI) resulted in a decrease in blood pressure in both men and women,
but GFR decreased only in women [31].
Sorbitol
The enzyme aldose reductase converts intracellular glucose to sorbitol, which remains in the
cell. Although research in patients with type 1 DM and known hyperfiltration has shown
that the infusion of aldose reductase inhibitor (tolrestat) decreases GFR to normal values, a
possible therapeutic use of this agent should be confirmed in more studies [32].
Increased sodium reabsorption and tubuloglomerular feedback
Increased renal tubular sodium reabsorption due to increased sodium-glucose cotransport leads to the increase in extracellular fluid volume, which then increases GFR
[33]. In an experimental DM model, it was shown that hyperinsulinemia and mild
hyperglycemia stimulate reabsorption of sodium in the proximal tubules, resulting in the
decreased fluid flow to distal tubules, which then activates the so-called tubuloglomerular
feedback mechanism in the macula densa [34]. This causes the afferent arteriole dilation
and leads to an increase in the GFR. In this case, the renal hyper filtration response to the
imbalance caused by increased sodium reabsorption in the proximal tubules consequently
increases fluid retention. Although the role of glomerular hyperfiltration in the
pathogenesis of diabetic nephropathy is unquestionable, it itself is not sufficient to cause
kidney damage.
Poor control of metabolic factors
Glycation end-products
Part of the excess glucose in chronic hyperglycemia binds to free amino acids of circulating
or tissue proteins. This non-enzymatic process produces reversible early glycation products,
and later, irreversible advanced glycation end products (AGEs), which accumulate in the
tissues and contribute to the development of microvascular complications of DM [35].
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AGEs modulate the cell activation, signal transduction, and cytokine and growth factor
expression through the activation of R-dependent and R-independent signal pathways.
Bonding to their podocyte receptors, AGEs may induce expression of some factors
considered to play the key role in the pathogenesis of diabetic nephropathy, such as
transforming growth factor-beta (TGF-beta) and connective tissue growth factor (CTGF)
[36]. In non-diabetic mice, the infusion of early products of glycation up to the concentration
seen in diabetic mice increases the kidneys blood flow, GFR, and intraglomerular pressure,
which are characteristic of untreated DM [37].
Hyperglycemia
The evidence from in vitro studies shows that hyperglycemia has a direct effect on mesangial
cell proliferation, matrix expansion, and glycosylation of glomerular proteins [38,39].
Protein kinase C
The activation of protein kinase C (PKC) is one of the main mediators of hyperglycemiainduced tissue injury. PCK activation leads to increased vascular permeability, increased
synthesis of extracellular matrix components, and increased production of reactive oxygen
species (ROS), which are important mediators of kidney injury [40].
Heparanase Expression
The regulation of heparanase expression plays an important role in the pathogenesis of
diabetic nephropathy. The reduction in heparin sulfate on the surface of endothelial cell
changes the negative charge of glycocalyx and consequently increases albumin permeability
of the glomerular filtration membrane [41].
Reactive Oxygen Species
Increasing evidence shows the importance of reactive oxygen species (ROS) in the pathogenesis
of diabetic nephropathy. Although the ROS production may be influenced by numerous
mechanisms, the most important role in their production is played by superoxide produced by
glycolysis and oxidative phosphorylation in the mitochondria. ROS activate all important
pathogenetic mechanisms, such as increased production of AGEs, increased glucose entry into
the polyol pathway, and PKC activation [42]. In addition, ROS directly damage endothelial
glycocalyx, which leads to albuminuria without the concurrent damage to the GBM itself.
Prorenin
Increased serum prorenin plays a role in the development of diabetic nephropathy in
children and adolescents [43]. Prorenin binds to a specific tissue receptor, leading to the
activation of the signal pathway of mitogen-activating protein kinases (MAPK), which
potentiate the development of kidney damage [44]. Using an experimental model of diabetic
nephropathy, Ichihara et al. [45] indicated a possible role of prorenin in the development of
diabetic nephropathy. In their study, a prolonged prorenin receptor blockade cancelled the
activation of MAPK, which prevented the development of diabetic nephropathy despite the
increased activity of angiotensine II.
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Cytokines and Growth Factors
Hyperglycemia stimulates increased expression of different growth factors and activation of
cytokines, which overall contributes to further kidney damage [46,47].
In the kidney biopsy samples from patients with type 2 DM, a significant increase in platelet
derived growth factor (PDGF) expression was found. Moreover, the site of expression of this
factor is adjacent to the areas of interstitial fibrosis, which is important in the pathogenesis
of fibrosis in kidney injury [48].
Hyperglycemia also increases the glomerular expression of TGF-beta; matrix proteins are
specifically stimulated by this growth factor [49]. Furthermore, the expression of bone
morphogenic protein 7 (BMP-7) in DM is decreased, and the expression of profibrinogenic
TGF-beta is increased [50,51].
Nephrine Expression
Nephrine is a transmembrane protein, the main structural element in slit diaphragm and as
such, it is important for the maintenance of filtration membrane integrity. More recent
studies have shown the association between the decreased expression of nephrine and
albuminuria progression in the model of human diabetic nephropathy [52,53].

5. Risk factors
There are several risk factors for the development of diabetic nephropathy. They can be
divided into those that cannot be altered (genetic factors, age, and race) and those that can
and must be changed (hyperglycemia, hypertension, dyslipidemia, and GFR) [53].
Genetic Predisposition
Genetic predisposition substantially determines the occurrence and severity of diabetic
nephropathy [18,40]. The likeliness of diabetic nephropathy is higher in siblings and
children of parents with diabetic nephropathy, independently of the type of DM [54]. There
is a 14% probability for a child of the parents without proteinuria to develop clinical
proteinuria, 23% probabilities in cases where one of the parents has proteinuria, and 46%
probability in case that both parents have proteinuria. This increased risk cannot be
explained by the duration of DM, increased blood pressure or gycemic regulation. However,
genetic predisposition for excessive salt intake and arterial hypertension could play a role.
Although likeliness of chromosomes 3, 7, 18, and 20 to be associated with diabetic
nephropathy is relatively high, we still cannot confirm the role of particular predisposing
genetic determinants due to inconsistent results of the studies of genetic factors important in
the development of this disease.
Race
The incidence of diabetic nephropathy is increased in African American, Mexican American,
and Asian Indian ethnic groups. Occurrence and severity of the disease are higher in Blacks
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(3- to 6-fold in comparison with Caucasians), American Mexicans, and especially in Pima
Indians in the North West part of the United States [55]. This observation in genetically
incongruent populations suggests that socioeconomic factors, such as nutrition and poor
control of glycemia, blood pressure, and body weight, play the key role.
Age
In patients with type 2 DM, age and duration of DM increase the risk for albuminuria [53].
In the population study of 1586 Pima Indians with type 2 DM, subjects diagnosed with DM
before age 20 had a higher risk of developing terminal kidney failure (25 vs. 5 patients in
1000 incident patients). According to Svensson et al. [56] the risk of terminal kidney failure
in patients with type 1 DM was low if the disease was diagnosed by the age of 5.
Increased Blood Pressure
There is a high prevalence rate of hypertension in patients with type 1 DM (40%) and type 2
DM (70%), even before albuminuria can be found.
Evidence from several large clinical studies (UKPDS, ADVANCE) indicates a causal
relationship between the increased arterial pressure and diabetic nephropathy [57].
Moreover, at least three factors have been shown to contribute to the development of
increased arterial pressure in this metabolic disorder including hyperinsulinemia, excessive
extracellular fluid volume, and increased arterial rigidity. Hyperinsulinemia contributes to
the development of increased arterial pressure via insulin resistance in type 2 DM or via
administration of insulin per se. Randeree et al. study in 80 patients with type 2 DM who
started treatment with exogenous insulin showed an increase in their blood pressure from
132/81 mm Hg to 149/89 mm Hg [58]. This hypertensive response, although not reported in
all clinical studies, is most likely mediated by weight gain combined with pro-hypertensive
effect of insulin. Hyperinsulinemia could be the link between overweight and increased
blood pressure in patients with or without DM, since it increases sympathetic activity and
retention of sodium in the kidneys.
Sodium and water retention are induced by insulin itself, while the increased filtration of
glucose is induced by hyperglycemia. The excess filtered glucose is reabsorbed (as long as
there is a moderate hyperglycemia) in the proximal tubule via sodium-glucose co-transport,
which concurrently leads to the increase in sodium reabsorption [59]. Sodium reabsorption
increases blood pressure, which may be prevented and regulated by salt-free diet.
Patients with DM have increased arterial stiffness, which develops due to the increased
glycation of proteins and consequent development of arteriosclerosis. Decreased arterial
elasticity in patients with glucose intolerance or DM contributes to the increased systolic
pressure as an independent mortality risk factor [60].
Glomerular Filtration Rate
Increased GFR at diagnosis is a risk factor for the development of diabetic nephropathy. In
approximately half of the patients with type 1 DM lasting up to five years, GFR value is
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approximately 25-50% above normal range. These patients have a higher risk of developing
diabetic nephropathy [61].
Dynamics of structural and hemodynamic changes is influenced by increased
intraglomerular pressure, with the resulting glomerular hyperfiltration and hypertrophy
and damage to the endothelial wall. Strict glycemic control, limited protein intake, and
blood pressure control may slow down the progress of renal disease in type 1 DM [62]. The
situation with type 2 DM is somewhat different. More than 45% of patients with type 2 DM
at diagnosis have GFR that is two standard deviations higher than that in their age-matched
no-DM or overweight controls [63]. Granted, the hyper filtration rate (117-133 mL/min on
average) is lower than that in type 1 DM. Patients with type 2 DM are older and, therefore,
have greater likelihood of developing atherosclerotic vascular changes that influence GFR
and glomerular size [64]. The role of intraglomerular hypertension in the pathogenesis of
diabetic nephropathy explains why systemic hypertension is such an important risk factor
for the development of this kidney disease [65]. Studies on animal models showed that DM
is associated with damage of renal autoregulation. As a result, increased blood pressure
does not induce the expected vasoconstriction in the afferent arteriole, which would reduce
the influence of systemic hypertension on intraglomerular pressure [66].
Glycemic Regulation
Diabetic nephropathy often develops in patients with poor glycemic control. The degree of
glycemic control is an important predictor of terminal kidney failure [67]. In Krolewski et
al's [68] study, the prevalence of terminal kidney failure was 36% in patients with the worst
glycemic control in comparison with 9% in the group with well-controlled glycaemia.
It is generally accepted that the degree of glycemic control is a very important risk factor for
the development diabetic nephropathy.
Overweight
High body mass index (BMI) increases the risk of development of chronic kidney disease in
patients with DM [53]. Furthermore, adequate diet and reduction in body weight decrease
proteinuria and improve kidney function in these patients [69]. The role of overweight as a
risk factor for diabetic nephropathy (independent of DM and glycemic control) has not been
clearly confirmed.
Smoking
Although recent studies have shown the association between smoking and progression of
diabetic nephropathy, a large prospective study by Hovind et al. [70] did not confirm the
association between smoking and decreased GFR rate in patients with DM with or without
ACEI therapy.
Oral Contraception
Ahmed et al. [71] showed the association between the use of oral contraceptives and
development of diabetic nephropathy.
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Each of the above-described factors increases the risk of diabetic nephropathy, but none is
predictive enough for the development of diabetic nephropathy in an individual patient.

6. Association between diabetic nephropathy and retinopathy
Patients with type 1 DM and nephropathy almost always have other complications related
to the underlying disease, such as retinopathy and neuropathy [9]. Retinopathy has easily
recognizable clinical manifestations and always precedes the clinically manifest signs of
nephropathy in the same patient. The vice versa is not the case. A small number of patients
with advanced retinopathy have glomerular histological changes and microalbuminuria,
but most have no biopsy evidence of kidney disease [72]. The association between diabetic
nephropathy and retinopathy is weaker in patients with type 2 DM. In a study carried out
by Parving et al. [73] in 35 patients with type 2 DM and proteinuria (> 300 mg/day), 27 of
these patients had biopsy evidence of nephropathy. Diabetic retinopathy was present in 15
of these 27 patients and in none of the eight patients without diabetic nephropathy. Further
analysis showed that approximately one-third of patients without retinopathy had no
biopsy evidence of diabetic nephropathy [74].
Thus, patients with type 2 DM and significant proteinuria and retinopathy were most likely
to develop diabetic nephropathy, whereas those with proteinuria but without retinopathy
had a greater likelihood of having an underlying non-diabetic kidney disease [75]. In the
study by Schwartz et al, biopsy was performed in 36 patients with type 2 DM and
nephropathy. In 17 of them, biopsy showed visible glomerulosclerosis with KimmelstielWilson nodules, whereas in the remaining 15 patients, biopsy showed changes characteristic
of diabetic nephropathy (mesangial sclerosis), but with no classical nodules present. There
was no difference in the duration of disease and glycemic regulation between patients with
and those without nodules. A strong association was found between severe retinopathy and
presence of Kimmelstiel-Wilson nodules. The reason is still unknown [76].
According to the K/DOQI 2007 Guidelines, etiology of kidney disease in most patients with
DM should be ascribed to DM if pathologic proteinuria and retinopathy are present [77]. In
case that no retinopathy is present, non-diabetic causes of kidney disease should be
investigated.

7. Biomarkers of diabetic nephropaty
Albuminuria remains the only biomarker acceptable for diagnostic purposes, although some
growth factors are expected to replace albuminuria in future. It is known that values of TGF
beta, vascular endothelial growth factor (VEGF), and CTGF are increased in the plasma and
urine of patients with diabetic nephropathy [78-80].

8. Non-diabetic kidney disease
Proteinuria is sometimes present in DM because of the primary glomerular disease rather
than diabetic nephropathy. In that case, possible caused of kidney damage may include
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membrane nephropathy, minimal change disease, IgA nephropathy, focal
glomerulosclerosis, Henoch-Schönlein purpura, proliferative glomerulonephritis, and so on.
The main clinical signs of primary glomerular disease are as follows:
a.

b.
c.

d.

e.
f.

Proteinuria, which started in the first five years after the diagnosis of type 1 DM. Latent
nephropathy, is present between 10 and 15 years after the onset of type 1 DM. This
period is probably the same in type 2 DM, but the exact time of the onset of the disease
is difficult to determine.
Acute onset of kidney disease. Diabetic nephropathy is a slowly developing disease.
The presence of erythrocytes (mostly acanthocytes) and rouleaux formations in urine
sediment. Patients with microscopic hematuria may have a benign familial hematuria,
which is present in approximately 9% of population with or without diabetic
nephropathy [81]
The absence of diabetic retinopathy or neuropathy in patients with type 1 DM. As
opposed to that, the absence of retinopathy in patients with type 2 DM does not exclude
the presence of diabetic retinopathy.
Signs and/or symptoms of other systemic disease.
A significant decrease in GFR (>30%) within two to three months after the introduction
of ACEI or angiotensin II receptor blockers (ARB) therapy.

Nephrosclerosis
Proteinuria and kidney failure in patients with DM may also be caused by other diseases
apart from primary glomerular diseases. The most frequent cause is atherosclerotic vascular
disease (nephrosclerosis) in older patients with type 2 DM [82]. This disease cannot be
clinically discerned from diabetic nephropathy without kidney biopsy. However, kidney
biopsy is not necessary in most cases, because the correct diagnosis in this patient group is
not clinically important. What speaks in favor of nephrosclerosis is the significant increase
in serum creatinine after the introduction of ACEI or ARB for the treatment of hypertension
or slowing down the progress of chronic kidney disease. The same occurs when there is a
bilateral renal artery stenosis.

9. Treatment
Strict Glycemic Control
The effect of strict glycemic control depends on the DM stage in which it was started and
consequent normalization of glucose metabolism. Intensified insulin therapy has the
following effects on the kidney:
a.

b.

It partly decreases glomerular hypertrophy and hyperfiltration (in fasting state and
after protein-rich meal), both of which are important risk factors for permanent
glomerular damage.
It postpones the development of albuminuria [83]. Intensified insulin therapy that
keeps glucose values within normal ranges decreases the development or progress of
diabetic nephropathy.
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c.

d.
e.
f.
g.

It stabilizes or decreases the elimination of proteins in patients with pronounced
proteinuria. This effect is not apparent in patients who are not relatively normogycemic
during two years. Furthermore, re-established normoglycemia after combined kidney
and pancreas transplantation in patients with type 1 DM has preventive effects on
recurrence of nephropathy in kidney transplant [84].
It slows down the progress of kidney disease in case of already developed proteinuria
confirmed by semiquantitative method (test strip).
It reduces mesangial cell number and mesangial matrix.
In some patients, the thickness of glomerular and tubular basement membranes and
mesangial cell number become normal and glomerular nodules disappear.
The progress of tubular atrophy is slowed down.

Strict Blood Pressure Control
Strict blood pressure control is important in the prevention of progress of diabetic
nephropathy and other complications in patients with type 2 DM. The optimum lower range
of systolic blood pressure is not clearly defined. According to the UKPDS study, a reduction
in systolic blood pressure by 10 mm Hg decreases the risk of development of diabetic
complications by 12%; the risk is the lowest where systolic blood pressure values are below
120 mm Hg [85]. The Irbesartan Diabetic Nephropathy Trial showed that decreasing systolic
blood pressure to the lower limit value of 120 mm Hg reduces the risk of cardiovascular
mortality and heart failure (but not of myocardial infarction) and the risk of double increase
in serum creatinine or progress to terminal kidney failure [86].
According to the current Guidelines on Arterial Hypertension Treatment [87], the target
blood pressure in patients with DM should be <130/80 mm Hg. Antihypertensive therapy
may be started even when blood pressure values are in the upper normal range.
Inhibition of Renin-Angiotensin-Aldosterone System
Angiotensin II is the most effective factor of renin-angiotensin-aldosterone system (RAAS),
resulting from a range of proteolytic reactions that begin with the conversion of
angiotensinogen to angiotensin I through the catalytic action of renin (Figure 7).
RAAS is directly associated with blood pressure regulation, body fluid volume, and
vascular response to injury and inflammation. Inappropriate activation of this system
increases the blood pressure and has anti-inflammatory, prothrombotic, and proatherogenic
effects, which in the long run lead to irreversible damage of target organs. Although
aldosterone, renin, and end-products of angiotensin degradation are also involved in this
process, majority of the RAAS effects on target organs are mediated by angiotensin II, which
is present in the bloodstream and tissues. Angiotensin II, which is produced in the heart,
brain, and kidneys through alternative pathways by kinase and endopeptidase activity, is
more effective than angiotensin II produced in the bloodstream [88]. Angiotensin II binds to
AT1 i AT2 receptors. AT1 receptor activation is responsible for vasoconstriction, release of
aldosterone, vascular remodeling, oxidative stress, and has anti-inflammatory,
proatherogenic, and prothrombotic effects [89]. The activation of AT2 receptors leads not
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Figure 7. The RAAS and examples of RAAS inhibitors that are available for oral treatment.
ACE, angiotensin-converting enzyme; Ang I, angiotensin I; Ang II, angiotensin II; ARB, angiotensin-IIreceptor blocker; AT 1, angiotensin II type 1 receptor; AT2, angiotensin II type 2 receptor; RAAS, reninangiotensin-aldosterone system.

only to vasodilatation, growth inhibition, and antiatherogenic effects, but also to heart
hypertrophy and poorer revascularization after the obstruction of coronary or peripheral
artery [90]. In 1977, Ondetti et al. [91] started a new era in the research of pathophysiological
role of the RAAS in kidney disease by developing the first ACEI (captopril) for the
treatment of renovascular hypertension. In 1986, Zatz et al. [92] provided evidence that
RAAS plays a role in the pathogenesis and progress of diabetic nephropathy by proving that
enalapril decreases glomerular capillary hypertension, structural glomerular damage, and
proteinuria in diabetic rats. Later studies have confirmed that angiotensin II plays the key
role in the functional and structural changes linking proteinuria with the development of
diabetic nephropathy. Along with pleiotropic effects, angiotensin II has effects on the
structure of glomerular filtration membrane, inducing the remodeling of the podocytic
cytoskeleton and causing their apoptosis, which contributes to easier ultrafiltration of
plasma proteins [93]. Renoprotective effect of ACEI and ARB has been confirmed in a metaanalysis showing that ACEI and ARB decrease albuminuria in patients with DM more
effectively than antihypertensive medications whose mechanism of action excludes RAAS
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[94]. Early treatment with ACEI may prevent microalbuminuria, which is the early sign of
glomerular damage and marker of cardiovascular risk in patients with DM. Delayed
treatment with ACEI or ARB in patients with type 2 DM, diabetic nephropathy, and
proteinuria is not effective enough. Increasing ACEI and ARB dosages above the
recommended values for the treatment of hypertension or their combination is very effective
in reducing albuminuria [95]. Aldosteron receptor antagonists and renin inhibitors also
decrease albuminuria in patients with DM, but large randomized trial are needed to
determine their possible advantage over ACEI and ARB either as monotherapy or combined
therapy [96].
Dyslipidemia
Dyslipidemia occurs in all patients with DM, and its occurrence increases with the
development of diabetic nephropathy. Aggressive plasma lipid reduction is an important
therapeutic intervention, because patients with DM have an increased risk of coronary
disease. In addition, dyslipidemia contributes to the development of diabetic nephropathy.
Treating dyslipidemia with statins slows down the progression of diabetic nephropathy
[97]. In addition to statins, fenofibrate also decreases the progression of albuminuria in
patients with DM [98]. In addition to anti-inflammatory effect, it decreases the production of
collagen type 1 in mesangial cells via nuclear peroxisome proliferator-activated receptors
(PPAR) alpha [99]. Intensive glycemic control, blood pressure control by RAAS inhibitors,
and decreasing serum lipid concentration is an optimal therapeutic approach in patients
with DM and diabetic nephropathy (including the microalbuminuria stage).
The Role of Other Factors
Transforming growth factor beta (TGF-beta) has effects on cell hypertrophy and increased
collagen synthesis. Inhibition of TGF-beta in experimental DM model prevented the
development and progression of diabetic nephropathy [100]. Experimental studies have
shown that non-dihydropyridine calcium channel blocker (diltiazem) slows down the
progression of most morphological changes in diabetic nephropathy [101]. On the other
hand, diltiazem monotherapy leads to the increased tubulointerstitial fibrosis and global,
but not segmental, glomerulosclerosis. This negative effect of diltiazem can be corrected by
ACEI therapy.
Peroxisome proliferator-activated receptors (PPAR) play a significant role in the regulation
of adipogenesis, lipid metabolism, insulin sensitivity, inflammation, and blood pressure
control; however, they also seem to play a significant role in the development of diabetic
nephropathy in type 2 DM patients [102]. In an experimental animal model of diabetic
nephropathy, PPAR gamma agonists, such as tiazolidinedones (oral hypoglicemic agents),
were shown to reduce fibrosis, mesangial proliferation, and inflammation [103]. In addition,
these agents reduce albuminuria in different stages of diabetic nephropathy and decrease
blood pressure [104]. Their possible renoprotective effects still need to be confirmed in
randomized clinical trials including a large number of patients.
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New Treatment Strategies
Current treatment has not always been effective in all patients. Therefore, new treatment
options are being investigated.
High doses of thiamine and its derivative benfotiamine (S-benzoylthiamine Omonophosphate) were shown to slow down the development of microalbuminuria in
animal models, most likely by decreasing the activation of PKC, protein glycation, and
oxidative stress [105]. In experimental animals treated with ALT-711, which metabolizes
AGEs, a decrease in blood pressure and kidney damage was observed [106]. PKC-beta
inhibitor (ruboxistaurin) normalizes GFR, reduces or decreases albuminuria, and improves
kidney function in experimental animals [107]. Pimagedin (second generation AGE
inhibitor) reduces albuminuria and GFR decrease in patients with type 1 DM and
proteinuria [108].
Smaller clinical trials have produced contradictory results, while the results of large
randomized clinical trials are still not available.
In an experimental model of induced glomerulosclerosis, modified heparin
glycosaminoglycan prevented albuminuria, accumulation of extracellular matrix proteins,
and increased expression of TGF-beta [109]. Although animal models held promise, the
administration of sulodexid in a large multicentric SUN-Micro-Trial did not achieve the
primary outcome, i.e., there were no significant differences in the reduction of albuminuria
between the treatment and control groups [110].

10. Conclusion
In the last several years, we have witnessed an enormous progress made not only in our
understanding of the risk factors and mechanism of the development of diabetic
nephropathy, but also in the treatment possibilities aimed at preventing the progression of
diabetic nephropathy.
Early detection of this chronic DM complication along with the treatment of main risk
factors (hyperglycemia, hypertension, and dyslipidemia) and use of renoprotective drugs
(ACEI and ARB) may decrease the progression of this kidney disease. The treatment of
increased blood pressure is a priority. All listed measures lead to a decrease in the overall
and cardiovascular mortality in patients with DM.
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Chapter 5

Wavelet Image Fusion Approach for
Classification of Ultrasound Placenta
Complicated by Gestational Diabetes Mellitus
G. Malathi and V. Shanthi
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/53530

1. Introduction
The steady increase in population correspondingly increases the number of diseases people
are prone to. The early diagnosis of a disease is of paramount importance, which is a major
challenge faced by the medical experts. Health information, especially, clinical information
increases on a daily basis and is extremely variable and is also complicate to assess. As a
result, there is a demand for finding the criteria that can be used to evaluate the quality of
hidden information. One of the most important problems of medical diagnosis, in general, is
the subjectivity of the specialist. All these factors have resulted in the use of computers to
assist the experts in their diagnosis.
Computer assisted information retrieval may assist to support quality decision making and
avoid human error. Although human decision-making is often optimal, it is poor when huge
amounts of data are involved for classification. Computer Aided Diagnosis (CAD) is a fast
growing research field that has set a new horizon in the medical domain. It has increased
the quality of current medical imaging technologies by bringing in new developments in
medical imaging technology. CAD has already been successfully implemented for a number
of medical problems which includes cancer, fractures etc. Even though CAD software’s were
developed for uncovering many diseases like microcalcification in mammograms, chest,
colon, brain, liver, skeletal and vascular systems, is lacking application to ultrasound
obstetrics and gynecology domain.
The human placenta is a fetus’s lifeline during gestation, providing nutrients and
antibodies, while eliminating waste products via the mother’s blood supply. The placenta is
an integral part of the child’s development, but is generally disposed of, after delivery. The
relatively new field of placenta analysis within the field of prenatal pathology investigates
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the possibility of learning important health information about the fetus from the placenta.
The general opinion on the placenta is its use in the exaction of stem cells. Beyond that the
placenta holds vital information that can contribute to clinical practice and the growth of the
fetus in the womb. The placenta is connected to the uterine wall and exchanges nutrients
and waste through the placental blood barrier. The Figure 1 represents the human placenta
[1] during the pregnancy.
Gestational Diabetes or Gestational Diabetes Mellitus (GDM) is a condition in which women
without previously diagnosed diabetes exhibit high blood glucose levels during pregnancy.

Figure 1. Placenta and fetus during pregnancy

About 80% of the diabetes [2-3] in the world will be present in developing countries like
India. India accounts for the largest number of people, about 50.8 million [4] suffering from
diabetes in the world, followed by China with about 43.2 million and the United States with
26.8 million, as per the new figures released by the International Diabetes Federation in the
year 2009. As per the reports of World Health Organization [5], the number of diabetics
throughout the world was 171 million in the year 2000 and expected to reach 350 million by
2030. The diagnosis of GDM is an important public health issue. Gestational diabetes is
much more common than pre-existing [6] diabetes as it complicates about 2-5% of
pregnancies.
Gestational diabetes is formally defined as “any degree of glucose intolerance with onset or
first recognition during pregnancy”. Gestational diabetes is caused when the body of a
pregnant women does not secrete excess insulin [7] required during pregnancy leading to
increased sugar levels. This definition acknowledges the possibility that patients may have
previously undiagnosed diabetes mellitus or may have developed diabetes [8]
coincidentally with pregnancy. Babies born to mothers with gestational diabetes are
typically at increased risk of problems such as being large for gestational age.
A random survey by a team of doctors under Dr.V.Seshiah (Diabetes Care and Research
Institute) showed [9] a statistics (2002) that about 16.2% of pregnant women in Chennai
were found to have GDM.
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Screening examinations during pregnancy are an essential part of prenatal care. Among the
various screening tests that are now offered to pregnant women, ultrasound has the
broadest diagnostic spectrum. There is no modality that can detect as many abnormalities
[10] throughout pregnancy as ultrasound. Another important advantage of ultrasound is its
low cost. Besides the early detection of a nonviable pregnancy ultrasound at the end of the
first trimester can detect gross fetal anomalies or at least show initial signs that are
suggestive of complications. The examination of the placenta appears to be treated with less
attention than the fetus or the pregnant uterus. A methodical sonographic evaluation of the
placenta plays a foremost role in the assessment of normal and abnormal pregnancies.
There are different ways in which the ultrasound [11] technology can be used in pregnancy
related diagnosis.






Abdominal ultrasound: Abdominal Ultrasound is the most common used in pregnancy
related diagnosis. In this ultrasound the sonologists moves the transducer over the
abdomen to scan the uterus and examine the development of the baby and several other
conditions of the uterus. This research uses ultrasound images of placenta obtained by
abdominal scan.
Vaginal Ultrasound: In vaginal ultrasound, a sterilized probe is gently placed in the
vagina but outside the cervix. The probe is covered with a thin plastic sheath. This
technique helps sonologists to minutely observe the women’s uterus.
Doppler Ultrasound: Doppler ultrasound is used to examine the blood flow in the
vessels. This technique is performed in the same way as abdominal ultrasound.

Placental development is a complex process of various coordinated differentiation steps that
are mostly completed at the end of the second trimester. Thereafter, placental growth is
predominantly characterized by mass expansion. Thus, development of placenta precedes
fetal development and growth, the latter being pronounced in the third trimester. Any
increase of the diabetes in maternal environment during the critical period of placental
differentiation during the first and second trimester, introduces changes in the placenta
morphology which has a profound effect on subsequent fetal growth and this is the focus
point of this research. The human placenta undergoes a number of structural [12] changes
which ultimately will facilitate the development of the fetus. A novel study [13] conducted
in Tamil Nadu by a team of doctors in the year 2012 suggested the screening of pregnant
women for gestational diabetes as early as at 16 weeks of gestation.
The number of women affected [14-15] by GDM is 3 to 10% of pregnancies. Certain factors
that contribute to placental abruption [16] are women having gestational diabetes and
preeclampsia. The miscarriages of 44% and neural tube defects occur thirteen to twenty
times more frequently in diabetic [15] pregnancy.
Placental volumes vary in dimensions depending on the ethnic backgrounds of women
universally. Taking into consideration of this vital factor, the present study focuses on the
Dravidian race, a sub-division of the great Negroid race. The Caucasian, Mongoloid and
Australoid races exhibit different qualities of placental characteristics and are beyond the
scope of the present research.

100 Pathophysiology and Complications of Diabetes Mellitus

The need of this study is to evaluate the effect of GDM on the development of placental
growth. Diabetic pregnancy shows increase in the size of the placenta. This affects the
growth of the fetus, which may even lead to death if untreated. The evaluation of the
volume of placenta at fifteen to twenty weeks of gestation can identify placenta complicated
by diabetes mellitus. This would help to diagnose complications at the earliest, which
would minimize the loss, birth defects and placenta abruption. Considering the placenta,
size alone may be sufficient to identify a subset of women at a higher risk in the initial
ultrasound examination. An increase or decrease in the size of the placenta is a strong
indication to an approaching complication in the placenta. The gestational age can be
prolonged only if the problem in the placenta is identified in the initial phases of pregnancy.
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Figure 2. Approach to Decompose and Reconstruct the Fused Ultrasound Placenta from Multi-View
Image Fusion

The ultrasound images of placenta obtained from the B-mode ultrasound scanner is usually
low in resolution. The characteristic feature of the placenta, which plays an important role in
classification, is lost because of poor resolution. There is a need for a technique to retain the
finer details of the placenta in the ultrasound. In this research, the multi-view placenta
images (transverse scans of placenta ultrasound images captured at the right and left of the
monitor) are subjected to wavelet decomposition. The essential attribute of the ultrasound
placenta is retained, when wavelet- decomposition is employed, since it is an efficient tool to
extract the features of an image. When an ultrasound placenta is subjected to wavelet
decomposition, the image is decomposed into different frequencies. The prominent features
in these frequencies are fused into a synthesized image.

2. Why prefer wavelet?
Any decomposition of an image into wavelets involves a pair of waveforms. These represent
the high frequencies corresponding to the detailed parts of an image called as wavelet
function. The other represent low frequencies or smooth parts of an image called scaling
function. The principle of the wavelet decomposition is to transform the original raw image
into several components with single low-resolution component called “approximation” and
the other components called “details” as shown in Figure 3. The approximation component
is obtained after applying bi-orthogonal low-pass wavelet in each direction i.e. horizontal
and vertical followed by a sub-sampling of each image by a factor of two for each dimension
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Figure 3. Wavelet Decomposition of a 2D Image

The details are obtained with the application of low-pass filter in one direction and a highpass in the other or a high-pass in both the directions. The noise is mainly present in the
details components. A higher level of decomposition is obtained by repeating the same
operations on the approximation. For small details it is not obvious to a non-expert in the
diagnosis of ultrasound images to know what is needed to eliminate or to preserve and
enhance.
The horizontal edges of the original image are present in the horizontal detail coefficients of
the upper-right quadrant. The vertical edges of the image can be similarly identified in the
vertical detail coefficients of the lower-left quadrant. To combine this information into a
single edge image, we simply zero the approximation coefficients of the generated
transform. Compute the inverse of it and obtain the absolute value.
The images are considered to be matrices with N rows and M columns. At every level of
decomposition the horizontal data is filtered, and then the approximation and details
produced from this are filtered on columns. At every level, four sub images are obtained,
the approximation, the vertical detail, the horizontal detail and the diagonal detail. The next
level of decomposition can be obtained by the decomposition of approximation
sub-image. The multilevel decomposition of an image is given in Figure 4.

Figure 4. Multilevel Wavelet Decomposition of an Image
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2.1. Choice of mother wavelet
The choice of wavelet bases depends on the signal. Signals coming from different sources
have different characteristics. The wavelet basis functions are obtained from a single mother
wavelet by translation and scaling. However, there is no single or universal mother wavelet
function. The mother wavelet must simply satisfy a small set of conditions and is typically
selected based on the domain of the signal or image processing problem. The best choices of
wavelet bases are not clear for ultrasound placenta images. The problem is to represent
typical signals with a small number of convenient computable functions. An investigation to
choose the best wavelet for ultrasound images was performed on ultrasound placenta
image. The majority of the wavelet bases which exist in the Matlab 7 version software were
tested. The Haar wavelet is chosen for the decomposition of ultrasound placenta images.
Higher levels of decomposition showed promising diagnostic features of the ultrasound
placenta image.

2.2. Haar wavelet decomposition of ultrasound placenta
Haar wavelet basis can be used to represent an image by computing a wavelet transform.
The pixel is averaged together pair-wise and is calculated to obtain the new resolution image
with pixel values. Some information may be lost in the averaging process. The Haar wavelet
transform is used to analyze images effectively and efficiently at various resolutions. It is used
to get the approximation coefficients and detail coefficients at various levels.

Figure 5. Level-1 Haar Wavelet Decomposition of an ultrasound placenta image

The ultrasound images of placenta with various gestational ages like 10 weeks, 12 weeks, 15
weeks, 17 weeks, and greater than 20 weeks are obtained from Chennai based Diagnostic
Scan Centers. The placenta images thus obtained are demarcated into a normal placenta and
GDM complicated placenta with the help of the sonologists. These images are then subjected
to different levels of wavelet decomposition using different wavelets. The transverse scans
of placenta are captured with differences of few seconds from the same mother. The multiview ultrasound placenta is subjected to various levels
(1, 2, 3 and 4) of wavelet
decomposition. The synthesized image of the input image is obtained as a result. This
synthesized image only forms the basis to image fusion in the sections that follows. The
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decomposition is done to extract the useful features from the multiview placenta. Still, these
images cannot be used unless a quality assessment is done. To ensure the diagnostic
accuracy of the images, quality evaluation metrics are used to evaluate the performance of
the wavelets. The following Figure 5 is the representation of level-1 decomposition of
ultrasound placenta using Haar.
Each of the transverse and longitudinal scans of the ultrasound placenta image is
decomposed into approximate, horizontal, vertical and diagonal details. N levels of
decomposition can be done. Here, 4-levels of decomposition are used. The multilevel
decomposition of ultrasound placenta using Haar Wavelet is represented in the Figure 6.
After that, quantization is done on the decomposed image where different quantization may
be done on different components thus maximizing the amount of required details and
ignoring the redundant details. In order to decide the most appropriate wavelet function for
the ultrasound placenta, the image is decomposed using various wavelet functions. The
wavelet function is chosen based on the results of image fusion quality measures.

Figure 6. Multilevel Decomposition of Ultrasound Placenta using Haar Wavelet

The Figure 7 gives the synthesized ultrasound images of placenta obtained from Haar,
Daubechies and Symlet wavelet decomposition. The Haar wavelet is chosen in this research
because of its good entropy and mutual information. However, the fact that they have
dump discontinuities in particular in the poorly decaying Haar coefficients of smooth
functions and the images reconstructed from subsets of the Haar coefficients.

Figure 7. Images from left to right is the synthesized image of placenta obtained from Haar, Daubechies
and Symlet Wavelet Decomposition (15 weeks gestational age)
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The quality of the image decomposed by different wavelets at various gestational ages is
compared in the tables below. The Entropy, Normalized Cross Correlation, Structural
Content, Spatial Frequency and Fusion Mutual Information is used as the quality measure in
choosing the best wavelet for the characterizing the ultrasound placenta both normal and
placenta complicated by GDM. Each has its importance in evaluating the image quality. The
entropy of the synthesized image shows an increase in value when, the image is
decomposed using Haar Wavelet, compared to the original input images. The measure of
structural content of the image is low in the case of Haar. At every level of decomposition,
Haar shows good performance in uniquely identifying the features of the placenta. The
structural consent is more in the case of Daubechies. The image decomposed using Haar
wavelet shows improved quality as the decomposition level increases. In the initial levels,
the wavelets, Daubechies, Haar and Symlet show negligible variations in the results. It is
also to be noted that placenta with GDM complications are identified by it high entropy
when compared to the normal placenta.
The below Table 1 gives the quality evaluation metrics to identify the wavelet, that is
suitable for the assessment of ultrasound placenta. Moreover, these metrics shows values
with fewer differences between the gestational ages. As the gestational age increases, the
metrics also increases.
Wavelet

PSNR

MSE

RMSE

STD

MEAN

Entropy

Haar

33.5101

28.9784

5.3832

43.1958

112.3084

7.4205

Daubechies

33.4174

29.6035

5.4409

43.054

112.2816

7.3155

Symlet

33.2889

30.4926

5.522

42.1112

106.5676

7.382

Haar

33.5476

28.729

5.3599

42.4914

106.5915

7.4491

Daubechies

34.4057

23.5781

4.8557

42.4914

106.6384

7.3894

Symlet

33.4628

29.2956

5.4125

44.1209

111.89

7.3894

Class
Normal

GDM

The values of PSNR, MSE, RMSE, STD, MEAN, ENTROPY which is recorded in the Table 1, Table 2, Table 3, Table 4
and Table 5 is obtained.

Table 1. Quality Evaluation Metrics to evaluate the performance of Wavelets on normal vs. GDM
Ultrasound placenta at 10 weeks of Gestational Age

Wavelet

PSNR

MSE

RMSE

STD

MEAN

Entropy

Haar

33.7862

27.1932

5.2147

63.8662

121.8244

7.4258

Daubechies 33.6108

28.314

5.3211

63.8403

121.89

7.43

Symlet

33.5692

28.5864

5.3466

63.803

124.0667

7.4248

Haar

34.7943

21.5602

4.6433

73.4038

135.7681

7.5319

Daubechies 34.3782

23.7282

4.8712

73.4146

135.752

7.4496

Symlet

22.7595

4.7707

73.3531

135.7031

7.5122

34.5592

Class
Normal

GDM

Table 2. Quality Evaluation Metrics to evaluate the performance of Wavelets on normal vs. GDM
Ultrasound placenta at 12 weeks of Gestational Age

Wavelet Image Fusion Approach for Classification
of Ultrasound Placenta Complicated by Gestational Diabetes Mellitus 105

As per the results of the Table 1 and Table 2, the values shows only feeble difference
between the normal and the placenta complicated by GDM and also between the Wavelets.
At the higher gestational ages as referred in Table 3 and Table 4, there is a distinct
demarcation between normal and GDM complication placenta images. Of all these wavelets,
Haar shows a remarkable distinction between these features.
The performance of wavelet decomposition of placenta images taken at 15 weeks of
gestational Age is shown in Table 3. This gives the metrics that is used to evaluate the
normal and GDM Ultrasound placenta.
Wavelet
Haar
Daubechies
Symlet
Haar
Daubechies
Symlet

PSNR
34.2999
34.0404
34.1473
35.6885
35.167
34.8374

MSE
24.1594
25.647
25.0236
17.5481
19.7872
21.3474

RMSE
4.9152
5.0643
5.0024
4.189
4.4483
4.6203

STD
34.3881
34.415
34.3965
32.974
34.9113
34.9392

MEAN
52.8156
52.9848
52.7567
52.3329
51.5043
51.4704

Entropy
6.5333
6.5404
6.5357
6.8749
6.8435
6.8632

Class
Normal

GDM

The placenta complicated by GDM records higher values when compared to normal. This is clearly indicated in Tables
2, 3, 4 and 5.

Table 3. Quality Evaluation Metrics to evaluate the performance of Wavelets on normal vs. GDM
Ultrasound placenta at 15 weeks of Gestational Age

Wavelet
Haar
Daubechies
Symlet
Haar
Daubechies
Symlet

PSNR
36.33
35.8815
36.115
36.6246
36.1327
36.3917

MSE
15.1383
16.7853
15.9067
14.1456
15.8419
14.9249

RMSE
3.8908
4.097
3.9883
3.7611
3.9802
3.8633

STD
22.5818
24.6532
24.6608
24.6962
22.5477
22.4784

MEAN
45.9544
55.2264
55.0351
55.074
46.0005
46.2704

Entropy
6.0968
6.0799
6.0962
6.4061
6.4017
6.4053

Class
Normal

GDM

Table 4. Quality Evaluation Metrics to evaluate the performance of Wavelets on normal vs. GDM
Ultrasound placenta at 17 weeks of Gestational Age

Wavelet
Haar
Daubechies
Symlet
Haar
Daubechies
Symlet

PSNR
37.0174
35.895
35.5165
40.2942
39.7736
38.8101

MSE
12.9222
16.7333
18.2571
6.0766
6.8505
8.5521

RMSE
3.5948
4.0906
4.2728
2.4651
2.6173
2.9244

STD
62.3357
62.3794
62.4018
59.9116
59.918
60.005

MEAN
93.3318
94.6397
94.7556
94.1953
94.2794
94.0674

Entropy
6.5345
6.6267
6.6428
6.5826
6.5709
6.6186

Class
Normal

GDM

Table 5. Quality Evaluation Metrics to evaluate the performance of Wavelets on normal vs. GDM
Ultrasound placenta greater than 20 weeks of Gestational Age
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It is clear from the numbers in Table 1 and that the image obtained from Haar Wavelet
decomposition performs better than the Daubechies and Symlet decomposition. However,
the quality of the input image remains the same irrespective of the decomposition
techniques. The high entropy is the indication of the good quality of the image. From the
values in Table 6 it can be seen that the wavelet decomposition using Haar dominated the
Daubechies and Symlet as indicated by high PSNR of multiview image.
Table 6 suggests that at the higher level of decomposition Haar wavelet gives best results.
As the decomposition levels increase the performance of Daubechies and Symlet also
increase. It has more or less showed similar results at the first level of decomposition. The
entropy of the image considerably increased as the levels improved as in Table 7. At the
highest level of decomposition Haar performs better that the other wavelets.
Levels of Decomposition

Haar

Daubechies

Symlet

Level 1

34.4689

33.4174

33.2889

Level 2

36.6246

35.8815

35.6885

Level 3

39.7736

37.0174

36.1357

Level 4

40.3112

39.8702

38.8101

Table 6. PSNR of the different wavelet fused Image at various decomposition levels

Levels of Decomposition

Haar

Daubechies

Symlet

Level 1

6.0799

6.0594

6.0321

Level 2

6.5709

6.4017

6.6267

Level 3

6.6428

6.4674

6.4016

Level 4

7.4491

6.5709

6.5345

Table 7. Entropy of the different wavelet fused Image at various decomposition levels

The results clearly imply that Haar Wavelet yields good quality image at the higher levels of
decomposition. The ultrasound images of placenta are then reconstructed using image
fusion and it is used to study the complications rendered by GDM on the growth of the
placenta.
The low frequency coefficients reflect the approximate feature of the image. It contains the
main outline information of the image. It is an approximate image of the original image at
certain dimensions. Most of the information and energy of the image is included in this. The
high frequency coefficients reflect the detail of the luminance change which corresponds to
the edge information of an image. It is important to keep the edge information and the
outline information of the input image in the fused image. The fusion should preserve the
detail information like high frequency and give prominence to the outline information in the
target image. The two images must be of the same size and color map.
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3. Wavelet image fusion by max approximation and mean detail
The images decomposed using wavelet techniques are then fused with the original image
using min, max and mean fusion techniques. After the fused image is generated, it is
processed further and some features of interest are extracted.
In wavelet image fusion scheme, the source images ܫଵ ሺݔǡ ݕሻ and ܫଶ ሺݔǡ ݕሻ are decomposed into
approximation and detailed coefficients at required level using Haar Wavelet. The
approximation and detailed coefficients of both images are combined using fusion rule. The
fused image ܫ ሺݔǡ ݕሻ is obtained by taking the inverse wavelet transform. The fusion rule
used in this research obtains the maximum of the approximation coefficients and finds the
mean of the detailed coefficient in each sub-band with the largest magnitude. Thus using
different techniques like mean, max, min approximation and details, fused image is
obtained. The inverse 2D wavelet transform is used to reconstruct the image from sub
images ܫ ሺݔǡ ݕሻǡ ܫு ሺݔǡ ݕሻǡ ܫு ሺݔǡ ݕሻ andܫுு ሺݔǡ ݕሻ. The Figure 9 show the images fused using
the fusion rule (a)Max Max (b) Max Min (c) Max Mean (d) Min Max (e) Min Min (f)Min
Mean (g) Mean Max (h) Mean Min (i) Mean Mean approximation and detail of a fetus with
the Gestational Age as 15 weeks.

Figure 8. Image Fusion of Wavelet Decomposed Ultrasound Placenta using Max Approximation and
Mean Detail
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Figure 9. Image fused using the fusion rule (a) Max Max (b) Max Min (c) Max Mean (d) Min Max (e)
Min Min (f)Min Mean (g) Mean Max (h) Mean Min (i) Mean Mean approximation and detail of 15
weeks of Gestational Age

4. Diagnostic accuracy evaluation of fused ultrasound placenta
In the case of medical images, it is important to reproduce the image close to the original
image so that the smallest of the details are readable.
This research used image quality measures like Entropy, Mean, Standard Deviation, Fusion
Mutual Information, Normalized Cross Correlation, Root Mean Square Error, Structural
content, Normalized Absolute Error and Absolute Difference to analyze on the fused image.
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Though the fusion methods produced varieties of images, few fusion rules only produced
images suitable for diagnostic accuracy. A useful image is identified on the execution of
quality measures on these images. The quality measures obtained for the images fused with
different fusion rules is recorded in Table 8and Table 9. The values for PSNR, RMSE, NAE,
NCC, SC, FMI, ENT, MEAN, STD and AD recorded in Tables 8 and 9 are obtained. The
PSNR value obtained for Max Mean Fusion Rule performed well compared to other fusion
rule followed by Min Mean. The recording to the table 8 and 9 shows Max Mean with lower
RMSE value indicating the closeness of the fused image to the original image. Similar is the
NAE results. The quality measure NCC shows good performance of Mean Max followed by
Max Max. The structural Content ranks Max Max as good fusion rule followed by Max Min,
Min Mean and then Max Mean. The values depicted in Tables 8 and 9 shows that Max Mean
as the best quality image which shows high FMI and Entropy. These indicate the richness of
information. The Mean and STD play only a less role in the selection of fusion rule for the
fused ultrasound placenta image. Again AD shows Max Mean fused image to be cleaner that
the other rules. It clearly shows that the wavelet decomposed images when subjected to image
fusion increases the quality of information in an image. Thus the essential features, that
characterizes the placenta can extracted. It preserves boundary information and structural
details without introducing any other consistencies to the image. This work suggests that Max
Approximation and Mean Detail fusion rule produces good quality ultrasound placenta
complicated by GDM followed by Max Approximation and Max Detail fusion rule.
Fusion Rule
Approximation
Max
Max
Max
Min
Min
Min
Mean
Mean
Mean

Detail
Max
Min
Mean
Max
Min
Mean
Max
Min
Mean

PSNR

RMSE

NAE

NCC

SC

38.2766
39.5058
40.9709
39.3109
39.7844
40.5563
38.9197
39.5153
40.253

3.1096
2.6993
2.2803
2.7605
2.6141
2.3918
2.8877
2.6964
2.4768

0.121
0.0893
0.0637
0.0951
0.0819
0.071
0.1013
0.089
0.0747

1.008
1.0065
1.0066
0.9941
0.991
0.9914
1.0083
0.9991
1.0052

0.9548
0.9702
0.9782
0.9923
1.0023
1.0062
0.9616
0.9842
0.9774

Table 8. Evaluation of fusion rules based on Image Quality Measures PSNR, RMSE, NAE, NCC and SC

The pelvic ultrasound image taken during the first and second trimester of pregnancy
shows the fetus, placenta and the cervix. It is essential to segment the region of interest,
which is the placenta, from the ultrasound. The wavelet decomposed placenta ultrasound is
segmented to extract the area of focus, placenta. The statistical measures to estimate the
volume of the placenta, are obtained from this segmented placenta ultrasound. The relevant
image features are then extracted from the segmented placenta. Neural Network is an
efficient tool that can capture and represent complex input and output relationship. The
reconstructed placenta ultrasound is later classified as either normal placenta or abnormal
placenta, using the extracted features.
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Fusion Rule

FMI

ENT

MEAN

STD

AD

Max

38.2766

3.1096

0.121

1.008

-0.5526

Max
Max

Min
Mean

39.5058
40.9709

2.6993
2.2803

0.0893
0.0637

1.0065
1.0066

-0.4963
-0.8875

Min

Max

39.3109

2.7605

0.0951

0.9941

0.0208

Min
Min
Mean

Min
Mean
Max

39.7844
40.5563
38.9197

2.6141
2.3918
2.8877

0.0819
0.071
0.1013

0.991
0.9914
1.0083

-0.3151
0.0022
-0.4466

Approximation

Detail

Max

Table 9. Evaluation of fusion rules based on Image Quality Measures FMI, ENT, MEAN and STD

The present research also evaluates the influence of GDM on adverse outcomes of
pregnancy by an estimation of volume of the placenta during the early stages of pregnancy.
During the course of pregnancy, ultrasound screenings are done in early pregnancy which is
from six to fourteen weeks of gestation. The mid pregnancy is from fourteen to twenty six
weeks of gestation. The late pregnancy is from twenty six to forty weeks of gestation. In the
later stages of gestation, the fetus in the uterus hides the placenta and therefore makes it
difficult to get it captured in the ultrasound. The focus of this research is the ultrasound
placenta with 10 weeks, 15 weeks, 17 weeks and more than 20 weeks as the gestational age.
The placenta needs to be screened in the initial stages, which can avoid miscarriages due to
GDM. The standard common obstetric diagnostic mode is 2D scanning. The estimation of
placental volume is not a regular practice in the case of 2D ultrasound. The results of the
work have effectively identified the changes in the ultrasound placenta under diabetic
conditions.
The findings of the research are that the Haralick features extraction showed significant
characteristics of abnormal placenta. Energy, entropy, contrast, homogeneity and correlation
features are often used among the 14 Haralick texture features to reveal certain properties
about the spatial distribution of the texture image. Since real textures usually have so many
different dimensions, these texture properties are not independent of each other. For
instance, the energy measure generated from gray level co-occurrence matrix is also known
as homogeneity and variance is a measure of contrast in images. Therefore, when choosing a
subset of meaningful features from gray level co-occurrence matrix for a particular
application, features do not have to be independent because a subset of fully independent
features is usually hard to find. These features played an important role in the identification
of abnormal placenta. It is found that there is an increase in classification accuracy when
placenta ultrasound is subjected to wavelet decomposition and image fusion.
The Haralick features which are obtained from the ultrasound images are recorded in the
following Table 10. This table shows the discriminating features that aid in the classification
of normal placenta and placenta complicated by gestational diabetes mellitus. The features
Mean, Contrast, Correlation, Entropy recorded in the Table 10

Wavelet Image Fusion Approach for Classification
of Ultrasound Placenta Complicated by Gestational Diabetes Mellitus 111

Images

Mean

Contrast

Correlation

Entropy

Img1
Img2
Img3
Img4
Img5
Img6
Img7
Img8
Img9
Img10

1.635 e4
1.832 e4
1.454 e4
1.455 e4
1.222 e4
1.832 e4
1.854 e4
1.749 e4
1.263 e4
1.280 e4

1310473767
1614852030
1434646325
1436691775
1077321331
1614852030
1647605895
1531849951
1083142018
1067278301

7.922339e5
2.978678e6
1.911394e5
1.915322e5
1.055089e5
2.978678e6
9.059511e5
7.756140e5
1.065980e5
1.059341e5

8.944150e4
1.047565e5
9.609855e4
9.670916e4
7.347292e4
1.047565e5
7.575653e4
9.824614e4
7.3943192e4
7.367722e4

Sum of
squares
7.2
1.1
5.6
1.0
1.2
2.5
1.7
2.15
1.2
1.14

Class
AN
AN
AN(GDM)
AN
N
AN
AN
AN
N
N

Table 10. Haralick Features for Ultrasound Placenta Images for sample images

The Haralick features that were extracted from the wavelet fused ultrasound placenta,
highlights on the characteristic features of the input image. These features form the basis for
effective classification of placenta whether it is normal or complicated by gestational
diabetes mellitus.
Image segmentation refers to the process of partitioning of an image into groups of pixels
which are homogeneous with respect to some criterion. Segmentation algorithms have a
limited application in ultrasound image. The presence of high levels of speckling in
ultrasound images makes accurate segmentation difficult. The region of interest is typically
obtained through manual interaction. The original gray-scale image is first converted to
binary image using optimal global image threshold. Next the image complement is defined.
Image transform using the watershed method should be applied to a matrix after its proper
preprocessing to obtain the best image objects contours. The segmented image is obtained
using the watershed segmentation method. It starts with a pixel or a group of pixels called
seeds that belong to the structure of interest. Seeds are chosen by the operator.
The watershed segmentation algorithm is applied on the synthesized placenta image which
gives the segmentation of the placenta from the ultrasound as given in the Figure 10 below.

Figure 10. Watershed Segmentation of Ultrasound Placenta
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The contour is traced for the segmented placenta which is marked in the Figure 10 as dotted
lines. The contour extracted ultrasound placenta is displayed below.

Figure 11. Contour Extracted Ultrasound Placenta

The segmented binary image of the placenta is displayed in the Figure 12 which is used to
generate the parameters required for volume estimation.

5. Statistical measurement of segmented region
The statistical measures often give characteristic parameters on the interested image. There
is a need for the measurement of major axis length. The complications in placenta that occur
during pregnancy show some variations in the size of the placenta. There arise the need for
the measurement of major axis length and minor axis length of the segmented placenta.
With these statistical values one can obtain the area and perimeter of the segmented image.
These values are then recorded to delineate the normal placenta and the placenta
complicated by gestational diabetes mellitus. The distance measure tool is used to obtain the
thickness of the placenta.

Figure 12. Segmented Binary Image of Ultrasound Placenta

Images
Image1
Image2
Image3
Image4
Image5

Area
3.2167
6.0015
10.2083
6.8913
7.3428

Perimeter
6.7019
11.7823
14.8600
9.9025
10.3109

Class
AN
AN
AN (GDM)
AN
N

Table 11. Statistical Measurement of Area, Perimeter of the Segmented Ultrasound Placenta
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The limitation in the ultrasound scanning prevents monitoring the growth of the placenta.
Placental volume assessment is uncommon in routine obstetric practice, a lack that prevents
obstetricians from identifying their patients with extremely small or large placentas.

6. Convex concave shell model
A new method to determine the volume of the two dimensional ultrasound placentas using
a mathematical model is proposed. The aim of the work is to correlate the height, width and
thickness of the ultrasound placenta in measuring the placental volume.
The shape of the placenta in general is a round or oval. Using this as reference, the major
axis length (l) and minor axis length (b) of the ultrasound placenta of a segmented image is
obtained using ‘regionprops’ in Matlab 7.0. The thickness (h) of the placenta was obtained
from the point of chord insertion. This was obtained using the measure tool in Matlab 7.0.
The mathematical representation of the segmented placenta is shown in Figure 13. The
feasibility for classifying the ultrasound images of placenta with complicating diabetes
based on placenta thickness using statistical textural features was analyzed.

Figure 13. Measurement of Major Axis Length and Minor Axis Length to calculate Area and Perimeter

The concave-convex shell formula
��

Where,

� � �� � � � �4��� � ℎ� + ��� � 4ℎ� + 4ℎ� ��

(1)

h=Thickness, b=Minor Axis Length, l=Major Axis Length
The high values of major axis length and minor axis length strongly indicate placenta
complicated by gestational diabetes mellitus.
The Figure 14 represents the mathematical model of volume estimation from the ultrasound
images of placenta. The volume estimated by measuring the length (black marker) of the
placenta, height of the placenta (green marker) as seen in ultrasound and the thickness (red
marker) measured from point of chord insertion.
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Figure 14. Concave-Convex Shell Representation of Ultrasound Placenta

Img Id

Major Axis Length Minor Axis Length Height
(l)
(b)
(h)

Volume
(V)

Class

Img1

7.482

3.79

2.31

104.689004

1

Img2

13.72

4.63

3.6

433.1933952

2

Img3

5.76

4.13

0.98

47.90461872

0

Img4

7.9

3.71

1.54

94.78968781

1

Img5

6.95

3.51

1.9

80.3664945

1

Img6

7.482

3.79

2.31

104.689004

1

Img7

14.78

4.01

4.78

469.4087275

2

Img8

5.23

2.1

1.98

29.95954698

0

Table 12. Volume Estimation from Statistical Parameters

7. Conclusion
The study concludes that the application of wavelet decomposition reduces the speckle in
the ultrasound placenta. The fusion of such decomposed wavelet improves the
characteristics of the essential features which in turn, enhances the classification accuracy.
The Haralick features obtained for the ultrasound image of placenta plays a significant role
in the classification process. There is also an increase in the contrast of ultrasound placenta
which is complicated by GDM. The outcome of the research is that, multi-view scans can be
fused to identify the influence of GDM on the early stage of placental growth by employing
wavelet decomposition and image fusion technique. This research also suggests that, the
evaluation of the volume of placenta during the routine ultrasound screening at fifteen to
twenty weeks of gestation using wavelet fusion of multi-view of the ultrasound placenta can
identify the influence of diabetes mellitus which otherwise can lead to the severe risk of fetal
demise.
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Chapter 6

Periodontitis and Diabetes Mellitus
Michal Straka and Michaela Straka-Trapezanlidis
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/50269

1. Introduction
Diabetes mellitus is a serious metabolic disease and an important medical, social and
economic problem globally. Long-term untreated hyperglycaemia – the main cause of a
carbohydrate, lipid and osmotic imbalance – affects all tissues and organs in the body and
leads to development of typical disease manifestations such as polydipsia, polyuria and
polyphagia. This metabolic imbalance initiates other tissue and organ complications, some
of which are extremely serious vasculopathies, cardiovascular diseases, neuropathies,
myopathies, eye complications, renal complications and deteriorated regeneration and
healing of wounds (Ceriello, 2005).
The basic etiopathogenetic mechanism in diabetes mellitus is either a real lack of insulin
(type 1) or a biological lack of insulin (type 2) arising from its peripherally changed
utilization and subsequent insufficiency. Insulin is a polypeptide produced by beta-cells of
the pancreas and is necessary for glucose metabolism, keeping the glucose level in the blood
within values of 4 – 6 mmol/1 ml. Glucose is metabolized in all tissues and is the main
energy source in the organism. Lack of insulin causes hyperglycaemia and unmetabolised
glucose is excreted mostly by the kidneys. This state leads to the development of polyuria,
requiring increased intake of liquids and food and causing tissues to metabolise other
sources of energy (fats, proteins) much more. Insufficient effectiveness of insulin means the
energy requirements of the organism are not fulfilled; the organism searches for additional
energy sources, mainly for proteins and fats. Increased metabolism of fats leads to excretion
of so-called keto-compounds by the kidneys accompanied by a typical smell which can be
detected in the patient’s breath and sweat.
Nowadays we divide diabetes mellitus into the insulin-dependent type 1 DM, also called
children’s or adolescent DM, which presents an absolute lack of insulin caused by the
autoimmune destruction of pancreatic beta-cells; and type 2 DM, which is known as adult
diabetes, is a more frequent form of this illness and runs without clinical symptoms for a
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longer time. The initial stages of the disease are characterized by insulin-tissue resistance
connected with inadequate glucose tolerance. Increased insulin resistance of receptors and
tissue produces an increased insulin requirement and forces its production in the
pancreas. If insulin production in the pancreas drops below 50 per cent, a so-called prediabetic condition develops. This is characterized by after-strain hyperglycaemia, also
called postprandial hyperglycaemia, which often runs sub-clinically. If it remains
undiagnosed, it can develop into a more advanced form with various tissue and organ
complications, oral manifestations and complications (Straka, 2011). The most frequent
oral complications of diabetes are diabetes gingivitis and periodontitis, which are together
considered to be the seventh most common complication of DM. In type 2 diabetes, the
incidence of periodontitis is 2.9 – 3.0 times higher than in non-diabetic patients (Nelson et
al., 1990; Tsai et al., 2002).

2. Classification of diabetes mellitus
The present classification of diabetes mellitus uses the AAD (American Association of
Diabetes) division and distinguishes four types of DM.
1.
2.
3.
4.

Type 1 DM – autoimmune type (older synonym is IDDM – insulin-dependent diabetes
mellitus), diabetes of young people;
Type 2 DM – non-autoimmune (an older synonym is NIDDM – non-insulin-dependent
diabetes mellitus), diabetes of adults, insulin non-resistant type;
Specific types of DM
Gestational DM (Straka, 2001; Farkaš et al., 2011).

3. Etiopathogenesis of DM and diabetic periodontitis
3.1. Type 1 diabetes mellitus (T1DM)
T1DM starts as an autoimmune and destructive reaction against the patient’s own
pancreatic beta-cells. The main risk factor is a genetic predisposition to such an autoimmune
reaction. Some authors distinguish six stages of T1DM development described as follows:
the 1st stage, known as genetic predisposition, passes into the 2nd so-called activating stage,
which is characterized by immediate activation of autoimmune reactions. The 3rd stage, for
which immune abnormalities are typical, passes into the 4th stage characterized by loss of
glucose-stimulating insulin production. Clinically present diabetes in the 5th stage is a
reflection of the large destruction of B-cells and leads to their total destruction in the 6th and
final stage (Rybka, 1990). In young patients with T1DM, an increased susceptibility to
gingivitis and periodontitis has been detected. This state is often accompanied by more
extensive damage to periodontal tissue and an early onset of gingivitis after the patients
reach the age of 11. Periodontal pockets were detected in 9.8% of a group of young patients
aged 13 – 18 years, compared with a 1.7% occurrence in a healthy control group (Straka,
2001; Rybka, 1990).
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3.1.1. Etiopathogenic and risk factors
An increased prevalence of gingivitis and periodontitis in adolescents with T1DM is mostly
attributed to various etiopathogenetic and risk factors of the primary illness:
Altered immunity. The most frequent immunological disorder is an excessive production of
the pro-inflammatory cytokines TNF-alpha, IL-1, PGE2 and others. They induce hyperinflammatory systemic or local status and contribute to chronicity due to prolonged
inflammation. The immune system is unable to eliminate significantly gram-negative
bacteria from the subgingival area. The causes can be genetically determined in a form of
dangerous phenotype of monocytes/macrophages and their increased inflammatory
reaction to the LPS toxin as well as various polymorphisms of inflammatory mediators
(Straka, 2001; Salvi et al. 1997).
Tissue glycation. Long-lasting hyperglycaemia initiates the rise of so-called non-enzymatic
tissue glycosylation, which causes formation of AGEs (Advanced Glycosylation Endproducts). Increased amounts of AGEs condition a growth of receptors and cause all
attendant changes in vascular structures and increased formation of inflammatory
cytokines, adhesive molecules and other immunocompetent substances with possible
subsequent multiplication of bacterial pathogens (Gislen et al., 1980; Mealey & Oates, 2006;
Mandell et al, 1992).
Disorders of tissue regeneration and wound healing. Tissue glycation and expansion of
inflammation in T1DM patients seem to be a cause of deterioration in the regenerative
abilities of periodontal tissue, including osseous structures, which are measured by
means of bone-building biomarkers such as osteocalcin, the values of which were
reduced in comparison with the control group of non-diabetic patients (Lappin et al.,
2009).

3.1.2. Influence of T1DM treatment on the state and course of periodontitis
Several studies report that balanced levels of glycaemia in T1DM patients have a beneficial
influence on the degree of periodontal tissue damage during periodontitis as well as on its
clinical course. These results associate total systemic changes with destructive changes to the
periodontium depending on the therapeutic result of the glycaemia level. The given
relationship acts reciprocally. (Straka, 2001; Farkaš et al., 2011; Cianciola et al. 1982, Lyons,
1992) However the results of other present-day clinical studies negate the positive
correlation between periodontal therapy and its beneficial influence on the course of the
primary illness. Periodontal therapy in T1DM subjects prevented periodontal infection, but
did not significantly influence the level of glycated haemoglobin (Tervonen et al., 2009).
Statistically insignificant results of periodontological therapy on glycated haemoglobin
concentrations have also been confirmed by another independent study (Lambés et al.,
2008).
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3.2. Type 2 diabetes mellitus (T2DM)
The etiopathogenesis of T2DM and its most frequent oral complication are closely
interconnected. Their mutual associations can be observed in various stages of the primary
disease. One of the early pathological symptoms of broken homeostasis of glucose is its
increased postprandial (after-strain) level in the blood. This type of hyperglycaemia is
bound to food and develops several years before it is clinically manifested by T2DM. The
pre-diabetic stage of the disease is characterized by the presence of several markers, of
which the most important is glycated haemoglobin A1c, which represents the amount of
glycated haemoglobin in erythrocytes (given in percentages). The pre-diabetic stage of the
disease, measured by means of HB1c, FPG, and 2-hOGTT can be relevant in the
development of some angiopathies, mainly retinopathy (Ceriello, 2005; Straka, 2011; Rybka,
1990). In T2DM aetiology as well as in the development of diabetic periodontitis, the
following groups of factors and mechanisms play crucial roles:
Genetic associations. For some multifactoral diseases several genes were selected using
relevant literature gene databases and listed by statistic methods into individual groups
according to their severity. The most important group is formed by so-called leader genes,
characteristic for both diseases (Covani et al. 2008). After their application into the databases
of two leader genes selected from 986 genes for T2DM, four leader genes actively acting in
both diseases were identified. The most significant of them was NFKB1, whose increased
activity was detected in periodontal lesions and which seems to have a relationship with
microvascular defects induced by a systemic inflammatory process. Another leader gene is
RELA, which together with NFKB1 codes two subunits of the complex NFKB triggering an
intracellular inflammatory reaction (Covani, Marconcini, Derchi; 2009). STRING software
enabled us to determine a close association between periodontitis and T2DM by means of
IL-6 and TNF-alpha (Covani et al., (2009); Nishimuraet al., 2003). It is also true that there are
certain limitations in the given theoretical knowledge and that by removing these
limitations, scientific research could more strongly validate the presented knowledge
(Covani et al., 2009). Nowadays our ability to determine dangerous genetic predispositions
to T2DM by means of certain genetic profiles, in wide populations, remains considerably
limited. Genetic risk factors certainly play an important role in the etiopathogenesis of
T2DM, genome-wide association studies having stated that genetic RF can be useful in
establishing certain profiles of disease susceptibility and can be used in T2DM disease and
therapy management (Khoury et al., 2008).
Insulin resistance. In type 2 diabetes mellitus, there is sufficient insulin at an early stage of the
disease, a fact confirmed by an abundance of B-cells in pancreatic tissues. But their
effectiveness in producing insulin varies and is influenced by the progress of the disease,
level of abdominal obesity and other factors. At the beginning of the disease there is enough
insulin, but relevant structures are metabolically so altered that biological utilization of
insulin is insufficient. Insulin in tissues and cells acts by means of its receptors, which are of
glycoprotein character. A starting signal of cellular activity of insulin is activation by
receptor tyrosine kinases, which phosphorylate substrates of insulin receptors in tyrosine
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residues. Glucose transport is ensured by a lipid kinase and is stimulated by P13K into its
fully active form determined for glucose transport by means of insulin. However these
mechanisms are extremely complicated and there are several possible ways this complicated
mechanism of glucose may function. The relationship between insulin and lipogenesis as
well as the effects of various transcription factors in adipocyte are also very complicated
(Nishimura et. al., 2003; Kahn & Flier, 2000). Both the prevalence and etiopathogenesis of
T2DM are nowadays most often associated with obesity, mainly of the abdominal type.
“Insulin resistance” is not an insulin-induced disorder of glucose metabolism, but an
expression of decreased insulin-induced transport of glucose and its metabolism in striated
muscles and adipocytes (Nishimura et al., 2003; Kahn & Flier, 2000; Watanabe et al., 2008;
Al-Zahrani et al., 2003). Insulin controls glucose homeostasis in the blood, decreasing its
level by reduced production in liver and increased absorption in muscles and adipose
tissues. The most frequent disorders of insulin activity are defects of its signal systems,
mainly in the adipocytes. These require higher effort to get insulin and to produce it in
larger amounts, which leads to hyperinsulinemia. Excess levels of insulin in the blood can
result in a receptors imbalance and loss of post-receptor sensitivity; all this can be
accompanied by glucose intolerance and age-related insufficiency of insulin receptors (Kahn
& Flier, 2000). Increased serum concentrations of fatty acids (usually connected with
diabetes and T2DM) contribute to further development of insulin resistance. Excessive levels
of fatty acids in blood and muscles brake phosphorylation and transport of glucose as well
as the synthesis of muscular glycogen and subsequent glucose oxidation (Kahn & Flier,
2000; Ferenčík & Hulín, 2008; Shulman, 2000).
Metabolic syndrome. Obesity, hyperlipidaemia and insulin resistance are the principal
symptoms of metabolic syndrome. Obesity also leads to other factors that contribute to
metabolic syndrome. One of the dominant factors is dyslipidaemia characterized by
increased triglyceride concentration, non-esterified fatty acids as well as a higher
concentration of specific LDLs, also called low-density lipoprotein particles. Dyslipidaemia
is accompanied by low HDL cholesterol levels. Nowadays it is obvious that individual
components of metabolic syndrome represent independent risk factors in the
etiopathogenesis of insulin resistance. Their mutual communicative effect also exists
(Ferenčík & Hulín, 2008; Shulman, 2000; Coenen et al., 2007). Adipose tissue in obese people
has various forms. As for formation of pro-inflammatory cytokines, the most harmful is
white adipose tissue in the abdominal region, which contains residual macrophages (Straka,
2011; Coenen et al., 2007). Formation of inflammatory cytokines in these macrophages
significantly increases the pro-inflammatory status of the organism with all its
consequences. Adipocytes are the principal cells of adipose tissues and are excreted with the
endocrine function. One of the most important products is leptin characterized by its
pleiotropic effect, which plays an important role in energy-balance regulation. Adipocytes
produce substances which have either a direct or indirect relation to insulin resistance.
Production of pro-inflammatory cytokines and TNF-alpha, IL-6, CRP markers,
angiotensinogen, but also of steroid hormones of oestrogen and cortisol, contribute to local
biology of adipose tissue. Increased production of TNF-alpha increases lipolysis and inhibits
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lipogenesis, which together with other co-factors, leads to insulin resistance (Ferenčík &
Hulín, 2008; Shulman, 2000; Coenen et al., 2007).
Inflammation and insulin resistance. Type 2 diabetes, insulin resistance and obesity with
dyslepidaemia are pro-inflammatory states which are closely interconnected. While leptin
and adiponektin are exclusively products of adipocytes, TNF-alpha, IL-6, MCP-1, resistin,
visfatin and PAI-1 are produced by activated macrophages and other cells, and contribute to
the maintenance and stimulation of low-grade inflammation in obesity (Straka, 2011;
Shoelson, Jongsoon, Goldifine, 2006). The inflammatory kinases JNK, IKKbeta, PKC, STAT
cause insulin resistance by decreasing insulin signalization on receptors (Kim et al., 2004;
Mehta et al., 2010). Nowadays inflammatory cytokines, mainly TNF-alpha, represent
important etiopathogenic factors of insulin resistance stimulation. Together with the LPStoxin of periodontal bacterial pathogens, they activate NF-kapaB, which after displacement
into the cell nuclei can induce insulin resistance (Ceriello, 2005; Salvi et al. 1997). Patients
with the abdominal type of obesity show increased TNF-alpha serum levels, which drop
with decrease of body mass (Gislen et al., 1980). Increased TNF-alpha levels and other proinflammatory mediators circulating in patients with metabolic syndrome can stimulate
inflammation of the periodontium, where also in clinically healthy individuals, gramnegative anaerobic bacteria are present, and induce increased proteolytic and osteolytic
destruction of tissues (Salvi et al., 1997; Mealey & Oates, 2006). Increased prevalence of
periodontal illnesses in the obese, mainly in younger individuals, has also been confirmed
by a NHANES III study involving 13,655 patients, who were tested according to periodontal
indices (PD, AL) and BMI and WC indices. A correlation between these two diseases was
established by using two different multivariable logistic regressive models containing other
risk factors in periodontal disorders (sex, race, education, diabetes, smoking habits, date of
last visit to the dentist) (Mandell et al., 1992). Nowadays the secreting activity of the
adipocytes of adipose tissues is considered a source of chronic low-grade inflammation as
well as an important pro-inflammatory etiopathogenetic factor in many serious diseases,
including type 2 diabetes and inflammatory-destructive illnesses of the periodontium
(Ceriello, 2005; Lappin, et al., 2009; Lyons, 1992).
Non-enzymatic glycation. Non-enzymatic glycation presents a basic chemical reaction by
which glucose is bound to lysine residues and, by means of unstable or stable intermediate
products, forms so-called advanced glycosylation end products. Production and
accumulation of AGEs runs also in periodontal tissues and has an influence on their
composition and immunological qualities in several possible ways. In a normal glycaemic
regime AGE-receptors are present in small amounts in monocytes, smooth muscle cells,
neurons, fibroblasts and endothelial cells. Increased levels of AGE-receptors can lead to
overproduction of adhesive molecules and oxidative elements, the consequence of which is
an increased uncontrolled anti-inflammatory immune response to the presence of microbial
pathogens in the periodontium (Tervonen et al., 2009). Another serious factor in a severe
anti-inflammatory reaction is excessive activity of proteolytic enzymes, which destroy
periodontal soft tissues. Several studies have confirmed an increased concentration of
metalloproteinases in the periodontium of a diabetic patient. These are caused by increased
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transcription of local resident cells stimulated by overproduction of pro-inflammatory
cytokines (Lambés et al. (2008). Collagen glycation results in strengthening of cross-links
among its molecules, impairing solubility, natural homeostasis and biological regenerative
qualities. Regeneration of ageing collagen and basal membrane is reduced and accumulation
of AGEs products in these structures starts (Covani et al., (2008). Destruction of the
periodontium correlates with imbalanced glycaemic curve as well as with a level of glycated
haemoglobin. In diabetic patients with an HbA1c level higher than 8 %, their IL-1beta
concentration was found to be two times higher than in patients with an HbA1c level lower
than 8 % (Covani et al., 2009). The level of glycaemic control and length of diabetic disease
have an impact on the stage of glycation and collagen regeneration in soft and osseous
tissues. Defects in osteoblast differentiation and altered production of extracellular matrix
contribute to this state (Cianciola et al., 1982; Nishimura et al., 2003). On the basis of given
studies we can conclude that the glycation of various components of periodontal tissues
significantly changes its immunity to various exogene elements (bacteria, viruses) and
considerably decreases regeneration and healing of these tissues.
Defects in cell-mediated immunity. In subjects with DM, defects of polymorphonuclear
leukocytes have been repeatedly confirmed. These are based in defects of chemotaxis and
phagocytosis and result in insufficient antibacterial protection of periodontal structures
(McMullen et al., 1981; King, 2008). In subjects with DM, the hypersecretive type of monocytes
was detected, which on irritation with LPS-endotoxin gram-negative periodontopathic
bacteria, reacted with increased IL-lbeta and TNF-alpha production, which stimulated
inflammation of periodontal tissues with excessively destructive osteolysis and tissue
destruction of periodontal ligaments (Collins et al., 1997; Galbraith et al., 1998).
Influence of microbial factors. Altered immunity, vasculopathy of periodontal structures,
decreased solubility of glycated tissues, defects of protein and osseous regeneration and
repair all cause that immunity of the periodontium to typical periodontal pathogens is
considerably reduced and is less effective against infections. Some studies report differences
between groups of patients with long-lasting and correctly managed monitoring of
glycaemia and those with an insufficiently monitored and managed course of glycaemia.
Increased amounts of periodontal microbial pathogens were confirmed in diabetic patients
but their microbial strains were no different from those of non-diabetic patients (Mandel et
al. 1992; Zambon et al., 1988; Straka, 2011).

3.3. Gestational DM (GDM)
Gestational DM is characterized with high blood sugar levels inpregnant women, who were
not diagnosed for DM previously. Its prevalencein pregnant women varies from 5 to 7
percent. Usually is concern atransient form, while placental and maternal adipose tissues
producehormones which can change metabolism of glucose (Friedlander et al.,2007). Some
authors state that in up to 50 per cent of women with GDM,T2DM can develop within 3.5
years. Although there is lack of relevantstudies to this topic and no anonymous conclusion
was done, most authorsconfirm the hypothesis that pregnant women with GDM have a high
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risk todevelop a severe form of an inflammatory diseases of the periodont (Novak et
al.,2006; Friedlander et al., 2007; Xiong, et al., 2006). Thisrelationship runs in both directions
and presence of inflammatorydiseases unfavorably influences the mother's organism and
the healthstate of the foetus (Novak et al., 2006; Straka et al., 2011).

Periodontitis and Diabetes Mellitus 125

4. Conclusion
From the given knowledge we can summarise several theoretical and practical conclusions
which are important for the diabetological and periodontological management of a patient
as well as for management of mutual therapeutical associations and procedures:
Patients with diabetes mellitus have twice or three times a larger incidence of periodontitis.
This is in relation to significant deterioration of several periodontal parameters such as
gingivitis, higher prevalence of periodontal pockets, deeper periodontal pockets, higher
BOP score and loss of attachment.
Our present state of knowledge defines DM periodontitis as one of the systemic
complications of diabetes though its main etiopathogenic associations in cell-altered
immunity, in glycation of periodontal tissues, vascular damage of the periodontium,
increased proteolysis and osteolysis of periodontal structures, which result from increased
concentrations of pro-inflammatory cytokines, deficient regeneration of collagen structures
and quantitative multiplication of periodontal bacterial pathogens.
The level of inflammatory destruction of the periodontium is different in patients with a
good level of control of the primary diabetic disease from patients with insufficient control.
Changes in periodontal structures can also be detected during the latent stage of diabetes
and are reflected in unspecified laboratory and clinical findings.
Nowadays the mutual relationship between these two diseases is considered to run in
two directions. Local inflammation in the periodontium significantly influences the
systemic disease due to increased susceptibility of the diabetic patient to infection and
increased insulin resistance. Deterioration of periodontal parameters and clinical
manifestations lead to worsening of the diabetic disease. Without reduction of
inflammation in the periodontium we cannot expect any significant improvement of the
primary disease.
In collaboration with a diabetologist, we are trying to diagnose gingivitis and periodontitis
in the initial stages of diabetes and in detection of the patient’s genetic predisposition to
diabetic disease.
During treatment of resistant and refractory types of periodontitis, it is necessary to test
for diabetic disease, to contact a diabetologist and to try to detect individual pre-diabetic
states.
Microbial factors were considerably emphasized in the past. Some studies indicated specific
subgingival microflora of some strains, namely P. intermedia and strain capnocytophaga
(Khoury et al., 2008). Our current knowledge, described in several studies, indicates that
there is no difference in the distribution of individual pathogens in non-diabetic and
diabetic patients with periodontitis. However patients with DM are afflicted more often by
repeated infectious diseases (Khoury, et al., 2008).
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Diabetes mellitus is a complex, progressive disease, which is accompanied by multiple
complications. It is a metabolic disorder of the endocrine system and listed among
the most common disorders in both developed and developing countries. It has a
global metabolic epidemic and it is estimated that the number of people affected by
the disease will rise from the current 150 to 230 million by 2025. Hyperglycaemia is
a characteristic feature of diabetes mellitus and chronic hyperglycaemia could lead
to long-term complications in the eyes, kidneys, nerves, heart and blood vessels.
Interestingly, this book examines the pathophysiology and selected complications in
diabetes mellitus.
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