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Diabetes Angiopathy in Children
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Abstract

Objective: To review currently available evidence on the molecular mechanisms, risk factors and outcomes
of mico- and macrovascular complications in children with type 1 diabetes mellitus. Data sources and
study selection: Medline, Pubmed, and Cochrane Library searches of internationally published English
language journals, from 1985 to February 2010 using the terms "diabetes", "children", "complications",
"angiopathy" and "management". Data extraction: All articles involving diabetes vascular complications
in children were included in the review. Data synthesis: During the natural history of diabetes several
molecular, receptorial and cellular factors provide a continuous mechanism of vascular damage. In children
with diabetes this state is present at an early age so that accelerated atherosclerosis is associated with an
increased risk of micro- and macrovascular complications as compared to the non-diabetic paediatric
population. The major long term complications of diabetes can be divided into micro- (nephropathy,
retinopathy and neuropathy) and macrovascular complications. Childhood remains a period during which
intensive education and treatment may prevent or delay the onset and progression of these complications.
Conclusions: Although the prognosis has improved considerably in recent years due to the advances in
the therapeutic interventions, systematic regular screening continues to have a pivotal role in the
management of complications in diabetic children. Primary prevention to all risk factors for vascular
complications is essential and intervention is indicated if necessary even in childhood.
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Diabetes mellitus (DM) is a chronic disease characterised
by hyperglycaemia which is the earliest trigger in the
development of vascular damage in these patients. During
the process of the development of atherosclerosis process,
several molecular, receptorial and cellular factors provide
a continuous mechanism of vascular complications. In
diabetic children this state seems to be enhanced and
facilitated so that accelerated atherosclerosis is associated
with an increased risk of cardio-vascular events compared
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to the non-diabetic population. The major long-term
complications of both type 1 (T1DM) and type 2 diabetes
(T2DM) can be divided into microvascular (represented
by nephropathy, retinopathy and neuropathy) and
macrovascular (cerebrovascular, coronary artery and
peripheral vascular disease).
The outcomes include visual impairment and blindness
due to diabetic retinopathy, renal failure and hypertension
due to diabetic nephropathy, pain, paraesthesiae, muscle
weakness and autonomic dysfunction due to diabetic
neuropathy and cardiac disease and stroke due to
macrovascular disease.1
C l i n i c a l l y ev i d e n t d i a b e t e s - r e l a t e d va s c u l a r
complications are rare in childhood and adolescence;
however, early functional and structural abnormalities may
be present even within a few years after the onset of the
disease. Intensive education and treatment during childhood
and adolescence may prevent or delay the onset and
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progression of complications.2
T2DM is an increasing problem in childhood, however
type 1 remains by far the most common type of diabetes in
this age group in the Western world. In this review we have
focused on T1DM, because this will have the greatest
implication for patients diagnosed in childhood.
Inflammation has an important role in the development of
vascular damage. 3,4 Leuocyte adhesion molecules,
chemokines, interleukins and growth factors are the
mediators of this action.5 The first event in the pathogenesis
of angiopathy is the endothelial damage. Risk factors such
as hyperglycaemia, oxidised low-density lipoprotein (LDL)
cholesterol, hypertension and aging increase the production
of free radicals. The alteration of the oxidant-antioxidant
status results in loss of nitric oxide, vasoconstriction and a
chronic activation of inflammatory response.6

Molecular Mechanisms Involved in Diabetic
Angiopathy
The cellular chronic toxicity of hyperglycaemia is related
to the activation of four molecular pathways: (1) polyol
pathway (PP); (2) production of advanced glycation end
products (AGEs); (3) activation of protein kinase C (PKC)
and (4) hexosamine biosynthetic pathway (HBP). The final
common effect of these molecular pathways seems to be
represented by increased oxidative stress.7 The alteration
of the cellular oxidant-antioxidant status is able to induce
a diffuse endothelial dysfunction and contribute to the
progressive development of micro- and macrovascular
complications (Figure 1).8
Oxidative stress derives from an excessive production
and/or insufficient removal of highly reactive molecules,
such as reactive oxygen species (ROS).9 The generation of
ROS is increased in subjects with diabetes, particularly in
those with poor glycaemic control, whereas antioxidant
defenses are generally reduced. 10 Under normal
circumstances, ROS are generated mainly in the
mitochondria where at least 0.2% of oxygen is converted
to radicals11 and there is evidence that mitochondrial ROS
production plays a key role in the pathogenesis of diabetic
vascular complications. 7 Besides the mitochondrial
pathway, enzymatic and non-enzymatic ones are involved
in the generation of ROS in diabetes, and they appear to be
interrelated to the four main pathways activated by
hyperglycaemia.12 NADPH oxidase, xanthine oxidase,
cyclooxygenase, cytochrome P450-dependent oxygenases
and uncoupled endothelial nitric oxide synthase (eNOS)

AGEs: advanced glycation end products; CAT: catalase; GPX: glutathione
peroxidase; HBP: hexosamine biosynthetic pathway; PKC: protein kinase C;
PP: polyol pathway; ROS: reactive oxygen species; SOD: superoxide dismutase.

Figure 1 Schematic representation of oxidative stress pathways.
Hyperglycaemia activates PKC, PP, HBP and is associated with
an increased production of AGEs. All these factors can induce
oxidative stress through the mitochondrial, enzymatic and nonenzymatic pathways. The overproduction of ROS may induce
cellular and vascular damage.

can all contribute to an overproduction of ROS.13-15 At the
molecular level, ROS induce the activation of stress
signaling pathways and apoptosis (NF-kB, MAPK, JAKSTAT), gene expression, transcriptional factors and redoxsensitive kinases, as well as molecular damage of proteins,
DNA and lipids and accelerated formation of AGEs.16 ROSinduced peroxidation of lipids alters the structure and
fluidity of biological membranes, whereas both protein and
lipid oxidation can cause secondary loss of catalytic
function of enzymes and promotes their degradation.14 On
the other hand, several cellular and mitochondrial enzymes
are involved in the detoxification of oxygen reactive
molecules. Superoxide dismutase (CuZnSOD present in
cytosol and MnSOD in mitochondria) together with
glutathione peroxidase (GPX) in the cytosol, and catalase
(CAT) in peroxysomes, constitute the main enzymatic
antioxidant defence system.17 Diabetes can reduce the levels
and activity of these enzymes, thus suppressing defense
responses and, in this way, it can further contribute to
oxidative stress and vascular damage.18
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In the diabetic kidney, ROS enhance basal vascular tone,
inflammatory cell infiltration, impaired endotheliumdependent relaxation and contribute to glomerular hypoxia.19
In the early stages of diabetic glomerulopathy, oxygen
radicals contribute to prostaglandin E2 (PGE2) synthesis
through the activation of the NF-kB expression in human
mesangial cells. Many of these effects are normalised by
uncoupling of oxidative phosphorylation and by
overexpression of MnSOD.20 ROS contribute also to the
pathogenesis of neuropathy as clearly demonstrated by
several experimental studies. ROS-dependent nerve
dysfunction seems to be related to neurovascular defects
associated with hypoxia.21 Increased activity of NADPH
oxidase has been detected in the retina of diabetic rats, thus
suggesting a role of increased oxidative stress also in
retinopathy.22 In patients with diabetes, endothelial cells
are the main source of ROS, which overwhelm the cellular
antioxidant capacity and impair cellular function. 23
Impaired endothelium dependent vasodilatation has been
demonstrated in vascular beds in patients with type 1 and
type 2 diabetes.24 In addition, vascular smooth muscle cell
function is impaired with a reduction of response to
circulating vasodilators in subjects with diabetes mellitus.25
Oxidative stress also induces proliferation of vascular
smooth muscle cells and promotes their migration into
atherosclerotic lesions. The oxidative stress-related
dysfunction of both endothelial and smooth muscle cells
have a pivotal role in the progression of diabetic
macroangiopathy.

Risk Factors for the Development of
Complications
The development and progression of angiopathy in
diabetic patients should be blocked at an earlier age if
possible. Optimal blood pressure and glycaemic control,
as well as normal lipid profile should be aimed for. Longer
duration of diabetes, older age and puberty are important
risk factors for the development of vascular complications
in diabetic children.26 Furthermore, attention to all risk
factors is important and intervention is indicated in the high
risk patients beginning from a young age (Table 1).
Hypertension is a well-established risk factor for vascular
complications. Epidemiologic evidence linking
hypertension to the development of vascular complications
is not limited to adults, and studies in children have provided
convincing relations between hypertension and the
subsequent development of vascular lesions. Observational
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Table 1
Factors increasing the risk of vascular complications
in diabetic subjects
Hypertension
Microalbuminuria
Dyslipidaemia
Impaired glucose control
Family history of premature angiopathy
Obesity
Smoking
Lack of exercise

studies in children indicate that the effects of high blood
pressure begin well before adulthood.27 The prevalence of
hypertension is approximately doubled in diabetic patients
compared with non- diabetic controls. 28,29 In T1DM,
hypertension can be essential hypertension or related to
diabetic kidney disease. Both are major risk factors for
micro- and macro-vascular complications, and it may be
difficult to differentiate them in risk calculations in clinical
trials. The risk for angiopathy increases significantly when
hypertension and diabetes coexist.30 Hypertension has a
greater impact on vascular complications and absolute risk
of death is significantly higher for patients with diabetes as
compared to normal subjects.31 Moreover, hypertension
accelerates the risk for nephropathy,32 retinopathy33 and
neuropathy.34
While patients with T2DM who are frequently obese
have a characteristic lipid profile (increased triglycerides,
normal or high levels of LDL, reduced HDL),35 those with
T1DM usually have a normal lipid profile and yet the
development of atherosclerosis is still accelerated.36 Well
controlled T1DM is not usually associated with blood lipid
disturbance. In the DCCT/EDIC study dyslipoproteinaemia
is associated with the development of microalbuminuria
and retinopathy.37,38 A family history of premature cardiovascular disease (CVD) (usually before age 55 years)
confers an additional and independent risk of future vascular
complications39 such as retinopathy40 and nephropathy.41
Epidemiologic studies have established obesity as a risk
factor for premature vascular complications and the
American Heart Association (AHA) classifies obesity as a
major risk factor for angiopathy. This is not surprising, given
the frequent association of obesity with hypertension,
dyslipidaemia, insulin resistance, and frank diabetes. Higher
body mass index (BMI) increases the incidence and severity
of retinopathy,42 neuropathy,43 microalbuminuria44 and
macroangiopathy.45
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Smoking is one of the main independent risk factors
for micro- and macrovascular diseases. Evidence linking
tobacco exposure to the development of atherosclerosis
and CVD has accumulated from pathologic studies in
animals and epidemiologic observations in humans.46,47
Normally, more than 75% of blood glucose is cleared
into skeletal muscle by insulin, 48 and insulin resistance
in muscle is the primary defect leading to diabetes.49
Physical inactivity and decreased exercise capacity
have been linked to higher mortality in patients with
diabetes. 50 Puberty has long been recognised as a main
risk period for the development of microangiopathic
complications, although the underlying mechanism still
remains unknown. 51 Normal pubertal development is
associated with dramatic changes in insulin sensitivity
and fasting insulin concentrations rise to a peak in both
sexes at Tanner stages 3 and 4 before declining to
prepubertal values during early adult life. The increased
insulin resistance during puberty is mainly related to high
growth hormone levels. Impaired fibrinolytic function
in diabetes correlates with the severity of vascular disease
and is a risk factor for myocardial infarction in both
diabetic and non-diabetic subjects.52-54

Vascular Complications
Microvascular complications, represented by
retinopathy, nephropathy and neuropathy account for the
major causes of development of blindness, end-stage renal
disease and peripheral nerve dysfunction in T1DM children.
Equally, they are disproportionately affected by
macrovascular complications so that the mortality from
ischaemic heart disease is increased 10-40-fold when
compared to the general population.

3. albumin/creatinine ratio (ACR) 2.5-25 mg/mmol or 30300 mg/gm (spot urine) in males and 3.5-25 mg/mmol
in females (because of lower creatinine excretion).
DN still remains as the major cause of morbidity and
mortality amongst young adults with type 1 diabetes.56
Kidney functional and structural abnormalities may be
present a few years after the onset of the diabetes. Early
detection of diabetic nephropathy and timely treatment of
early signs of this complication have a pivotal role in the
prevention of end-stage renal failure in children and
adolescents with diabetes.57 Therefore, regular screening
for DN, are of foremost importance in paediatric diabetes
care.
In all children with prepubertal onset of diabetes the
screening for microalbuminuria should be undertaken 5
years after the onset or at age 11 years, or at puberty
(whichever is earlier), and annually thereafter. In the case
of pubertal onset of diabetes, complication screening
should be initiated 2 years after onset, and annually
thereafter. Screening should be either on timed overnight
urine collections or on a spot urinary albumin/creatinine
ratio. Other causes of microalbuminuria must be
excluded (Table 2).
The duration and level of hyperglycaemia are important
determinants of nephropathy. The Diabetes Control and
Complication Trial (DCTT)2 has confirmed beyond any
doubt that the risk for the development and progression of
diabetic complications is intimately related to glycaemic
control as judged by HbA1c. These observations have led
to the recommendation that children and adolescents should
aim for near-normal glycaemia and this should be achieved
as early as possible. Thus, good metabolic control represents
the best primary preventive measure to delay the
progression of all microvascular complications including
nephropathy.

Nephropathy

Diabetic nephropathy (DN) is usually defined as
persistent albuminuria greater than 300 mg/24 hours
(persistent total proteinuria >500 mg/24 hours) and is
usually associated with hypertension, and an inexorable
decline in glomerular filtration rate (GFR).55 The first
clinical sign of incipient nephropathy is microalbuminuria.
This is defined as:
1. albumin excretion rate (AER) between 20 and 200 µg/
min or AER 30-300 mg/24 hours in 24-h urine
collections;
2. albumin concentration (AC) 30-300 mg/L (on early
morning urine sample);

Table 2
Other causes of microalbuminuria to be excluded
during the screening for diabetic nephropathy
Glomerulonephritis
Orthostatic proteinuria
Intercurrent infections
Urinary tract infections
Menstrual bleeding
Vaginal discharge
Strenuous exercise
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Genetic susceptibility may be another factor influencing
the development of diabetic nephropathy. Much attention
has recently been paid to research on the molecular genetics
of microangiopathy in patients with diabetes. An example
of this research is a study on the effect of the apolipoprotein
E genotype associated with high lipid fractions which can
affect the progression of diabetic nephropathy.58 Other
genes such as heparin sulphate and aldose reductase have
also been proposed as candidate genes. Further genetic
studies will be crucial for the detection of patients at risk
for later development of diabetic nephropathy from the
onset of the disease. The ability to identify genetic markers
of susceptibility to kidney disease would permit clinicians
to focus care on these patients, aiming to achieving best
possible glycaemic control and to initiate early intervention
with protective drugs.
Secondary Intervention for Nephropathy

Effective antihypertensive therapy in patients with
nephropathy prolongs the time to progression to end-stage
renal disease. 59 A recent prospective study has shown
improved prognosis of renal function from 5 to 7 years
from onset of nephropathy to a median of 21.7 years,60
predominantly due to aggressive antihypertensive treatment,
with smaller contributions from improved glycaemic
control. Angiotensin converting enzyme inhibitors (ACEI)
are recommended for use in children and adolescents with
hypertension. 61 They have been effective and safe in
children in short-term studies. 62 Progression to overt
nephropathy may be delayed but their place in protecting
long-term renal function in children has not been
established. Some authors suggest that, even without
hypertension, ACEI should be considered when persistent
microalbuminuria has been confirmed. 1 The clinical

Table 3
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beneficial effect of angiotensin II receptor blockers (AIIRA)
in hypertension is similar to that observed with ACEI. Up
to now AIIRA have not been extensively used in children
with diabetes, but more evidence of the efficiency and safety
must be available before AIIRAs can become an obvious
choice for the treatment of diabetic nephropathy and
hypertension in children and adolescents in the near future.
Thus, interventions to prevent or delay the progression of
diabetic nephropathy should be achieved as soon as possible
in children after diagnosis of diabetes (Table 3).
Retinopathy

Diabetic retinopathy (DR) is the major cause of new
cases of blindness in adults. It is well accepted that
hyperglycaemia is the major pathogenetic factor for
retinopathy.63 The prevalence of diabetic eye disease is
strongly related to the duration of diabetes, blood pressure
and glycaemic control, although a multifactorial
pathogenesis is likely. In contrast to diabetes-related renal
changes, the opportunity for direct ophthalmological
observation allows the classification of retinal changes by
structural and not by functional aspects. Retinal blood
vessels do not have autonomic nervous system innervation
and attempt to maintain constant blood flow through a
mechanism called autoregulation.
DR is conventionally divided into several phases: the
preclinical phase represented by non-proliferative DR
(NPDR; including mild, moderate and severe or
preproliferative DR) and proliferative DR (PDR; subdivided
into low, high and advanced risk). 64,65 Although in
preclinical retinopathy structural abnormalities are hardly
detectable, functional alterations such as increased retinal
blood flow and venous dilatation can be observed.66 The
two major characteristics of early retinopathy are increased

How to prevent or delay progression of diabetic nephropathy

Conventional interventions

Pharmacological interventions

Aim for a near-normal glycaemia, and this should be
achieved as soon as possible

Angiotensin converting enzyme inhibitors (ACEI)

Blood pressure should be mantained at less than the 95th centile for age

Angiotensin II receptor blockers (AIIRA)

Improve blood lipids levels
Discourage excessive nutritional protein intake: not more than
1.0-1.2 g/Kg body weight/day
Encourage physical exercise
Strongly discourage smoking
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capillary permeability and progressive vascular closure. On
a cellular level there is a loss of pericytes and thickening of
the basement membrane followed by a proliferation and
degeneration of endothelial cells; this would lead to focal
thrombosis and vascular occlusion. The first morphological
lesions are microaneurysms which evolve in areas of
capillary hypoperfusion. This stage cannot be identified by
ophthalmoscopy but can be demonstrated with sensitive
examinations such as fluorescein angiography. As
retinopathy progresses, the impairment of the blood-retinal
barrier leads to the deposition of hard exudates (extracellular
accumulation of lipids) and soft exudates ("cotton-wool
spots", nerve fibre layer infarctions caused by obstruction
of terminal retinal arterioles) and haemorrhages (Figure 2).
These ocular changes can be seen by fluorescein
angiography in almost all patients who have had diabetes
for 20 years.67
Retinopathy may progress from this stage to visionthreatening proliferative retinopathy when partial ischaemia
stimulates neovascularisation. These structurally and

Figure 2

functionally deficient new vessels tend to rupture and lead
to intra-retinal and vitreous haemorrhages that eventually
lead to loss of sight and tractional retinal detachment
resulting in blindness. Vision-threatening proliferative
retinopathy may develop in up to 70% of youth-onset
patients after 30 years of diabetes. These alterations are
often associated with macular oedema that involves the
breakdown of the blood retinal barrier and with the leakage
of plasma from capillary into the macula. As fluid elements
have been reabsorbed, lipid and lipoprotein components
are deposited and lead to the formation of hard exudates
that seriously impair central vision. 68 Although the
prognosis has improved considerably in recent years due
to the advances in laser therapy and vitroretinal surgery,
early detection and treatment appear essential to yield the
best results. Screening for DR should be started 5 years
after the onset of diabetes or at age 11 and annually
thereafter in the case of prepubertal onset; in the case of
pubertal onset of diabetes, screening should be done 2 years
after the onset and annually thereafter.1

Normal and diabetic retina in direct ophthalmoscopic observation.
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Neuropathy

Diabetic neuropathy (Dn) still represents a major clinical
and diagnostic challenge in the large spectrum of diabetes
microvascular complications.1 While diabetic nephropathy
and retinopathy have a generally accepted screening
programme to identify the onset of disease, there is a lack
of similar basic understanding of Dn in terms of accurate
diagnosis, prevention and treatment. The neuropathies
associated with diabetes fall into two broad categories: focal
and generalised neuropathies. Focal neuropathies include
mononeuropathies such as carpal tunnel syndrome, palsy
of the peroneal nerve, palsy of the third cranial nerve and
proximal diabetic amyotrophy. Diabetic sensorimotor
polyneuropathy is the most common generalised
neuropathy and the simplified term "diabetic neuropathy"
is commonly used. Dn is a polyneuropathy because of the
diffuse damage to all peripheral nerve fibres, motor, sensory
and autonomic. Such damage occurs insidiously and
progressively and is characterised at first by sensory loss
in a stocking and glove distribution and later by loss of
motor function.
Autonomic nerve tests include heart rate response to deep
breathing, rising to standing from a lying position, Valsalva
manoeuvre, heart rate variation at rest, QT interval, postural
changes in blood pressure and pupillary responses to light
and dark adaptation. Peripheral nerve tests include
quantitating vibration and thermal discrimination thresholds
and nerve conduction. These are mostly used in research
settings. Age- and gender- specific normal ranges need to
be applied where relevant when interpreting results.
The duration and level of hyperglycaemia are important
determinants of microvascular complications of diabetes,
including neuropathy. The DCCT reported a 60% reduction
in neuropathy in the intensively treated groups after five
years and therefore, poor glycaemic control represents the
most important risk factor for Dn, even in children and
adolescents.2 Recently, Tesfaye et al hypothesized that other
risk factors besides hyperglycaemia are probably involved
in the evolution of neuropathy and, in particular, provided
convincing evidence that even slight improvements in lipid
variables, blood pressure and body mass index are
associated with a significantly lower risk of onset of Dn;
this effect is similar to that of better glycaemic control on
neuropathy.69,70 These data suggest that vascular risk factors
may accelerate the adverse effects of hyperglycaemia on
the peripheral nerves in patients with diabetes, probably
because they contribute to endothelial dysfunction. If this
hypothesis can be confirmed in the near future, screening
methods of Dn will consider not only neurological signs
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and symptoms as indicator of early nerve damage, but also
lipid profile and body mass index as early vascular risk
factors for Dn.
Macrovascular Complications

Children with T1DM are disproportionately affected by
cardiovascular disease (CVD), compared with those without
diabetes. For diabetic patients less than 35 years of age,
the mortality for ischemic heart disease is increased 30fold when compared to the general population. 71
Microvascular complications account for the major causes
of development of blindness, end-stage renal disease and
peripheral nerve dysfunction. Macrovascular disease is
mainly associated with hypertension, dyslipidaemia,
obesity, a hypercoagulable state and inflammation, all
leading to atherosclerosis. The pathogenetic mechanisms
of macrovascular complications include the production of
advanced glycation endproducts (AGEs), NO decrease,
increased oxidative stress, lipid peroxidation and platelet
dysfunction. Macrovascular disease is the leading cause of
death in patients with diabetes, causing 75% of deaths. It is
clear that the progression of atherosclerosis is more
aggressive and results in earlier development of
macrovascular disease in patients with T1DM.
Atherosclerosis starts early in childhood and adolescence
as shown by increased intima-media thickness of the carotid
arteries and aorta and silent coronary atherosclerosis
measured by intravascular ultrasound in young adults with
childhood onset diabetes.71 One should aim for optimal
blood pressure and glycaemic control, and maintenance of
a normal lipid profile in diabetic children in order to prevent
or delay the onset of macrovascular complications.

Conclusions
T1DM is a chronic disease with several related
complications. Microvascular and macrovascular damage
is accelerated in patients with DM and represents the leading
cause of morbidity and death. From early childhood, several
molecular, receptorial and cellular factors provide a
continuous mechanism of vascular damage.6 Angiopathy
is associated with several mechanisms that are activated in
response to noxious stimuli leading to a complex chronic
inflammatory state. In DM, this inflammatory state seems
to be enhanced so that accelerated vascular damage in
diabetic patients is associated with a 3 to 4-fold increased
risk of cardiovascular events as compared to the nondiabetic population.72 Early prevention and therapeutic
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measures to minimise the risk of vascular complications
are very important for patients with T1DM. At present, the
best therapeutic strategy is to maintain good glycaemic
control and early screening and to provide prompt treatment
when micro- and macrovascular complications are detected.73
The continuous improvement in knowledge about the
molecular and progression mechanisms of diabetic
angiopathy is essential for the development of newer and
better pharmacological therapies, targeted not only to just
maintaining normoglycaemia but also to control the
essential factors that contribute to the inflammatory state
of diabetes.
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