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Abstract
The markers of microvascular complications of type 1 diabetes were evaluated in adolescents in a
cross sectional survey of 100 out of 138 eligible patients aged 9-19 years with a duration of diabetes
over two years who visited the Paediatric Outpatient Clinic at Oulu University Hospital in 1997-1999,
and one hundred healthy controls.
Two patients in early or mid-puberty had non-proliferative diabetic retinopathy, but no other signs
of microvascular complications.
The five patients with persistent microalbuminuria were all girls; one prepubertal, one late
pubertal and three postpubertal. Their mean glycated haemoglobin A1c (HbA1c) was higher, but they
had a similar duration of diabetes and age distribution to those without microalbuminuria.
The adolescent patients were predisposed to higher fasting serum total and low-density lipoprotein
cholesterol and triglyceride levels and higher diastolic blood pressure than the control subjects. The
proportional total body fat was highest in the girls with diabetes by the end of puberty, while serum
leptin levels did not differ between the patients and healthy controls. The patients had low fasting
serum insulin levels and high insulin-like growth factor-binding protein 1 levels, related to
hypoinsulinaemia.
Distal motor nerve function in the lower extremities were already affected before puberty, and
distal and proximal nerve function deteriorated as puberty advanced. Ten patients had
neurophysiologically confirmed distal diabetic polyneuropathy, and they were older and they had
longer duration of diabetes and higher HbA1c than patients without polyneuropathy.
Although cardiovascular function was in the main well preserved in the adolescents with type 1
diabetes, the power spectrum analysis of heart rate variability showed attenuated autonomic nervous
system reactivity.
Taken together these data show that a relatively small proportion of adolescents with type 1
diabetes have signs of microvascular complications. The prevalences of diabetic retinopathy,
persistent microalbuminuria and distal diabetic polyneuropathy were 2%, 6% and 10%, respectively.
Pubertal maturation seems to promote the progression of early signs of microvascular complications
in patients affected by type 1 diabetes.
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1 Introduction
Type 1 diabetes is characterised by insulin deficiency despite regular subcutaneous
insulin administration. Prolonged exposure to high levels of blood glucose affects the
microvascular vessels in various tissues such as the retina, kidney and neurons resulting
in functional and structural changes. Manifestation of type 1 diabetes precedes the
development of retinopathy, nephropathy and neuropathy by several years, the total
glycaemic exposure over time being a major factor in the development and progression of
the microvascular complications (1,2).
Although some patients are affected by microvascular complications of type 1 diabetes
only after several decades, the advanced tissue changes may have their roots in early
presentation with clinical diabetes, and patients with type 1 diabetes manifested in
childhood have a greater lifetime risk of late complications (3).
The incidence of type 1 diabetes in children and adolescents has increased worldwide
over the past decades (4), and a greater number of patients present with type 1 diabetes at
a very young age. This is likely to lead to higher lifetime cumulative glycaemic exposure
and a greater risk of microvascular complications than in patients with adult onset of type
1 diabetes. Although microvascular complications are rare in young children, several
authors have pointed to the appearance of these problems during pubertal maturation
(5,6), and it has been suggested that puberty may enhance the degenerative processes
characteristic of type 1 diabetes (7).

2 Review of the literature
2.1 Hormonal and metabolic factors in puberty in type 1 diabetes
Several factors are implicated in decreased insulin bioavailability during puberty. Most
importantly, the pulse amplitudes of growth hormone secretion are increased in response
to early changes in sex steroids (8), while the relative insulin resistance in diabetes may
lead to an adverse serum lipid profile with respect to macrovascular changes. Finally,
serum insulin levels are linked with serum leptin concentrations, which reflect the
function of adipose tissue (9).
Growth hormone / IGF-I axis. The increased peripheral effects of growth hormone
during puberty in healthy adolescents lead to increased insulin secretion (10) to meet the
heightened demand caused by peripheral insulin resistance. This has been demonstrated
experimentally by means of the euglycaemic insulin clamp or hyperglycaemic clamp
technique (11), or with intravenous glucose tolerance tests (10). Insulin requirements
increase early in puberty and are highest in mid and late puberty. Healthy adolescent boys
have a higher response in terms of insulin secretion than girls (10).
Insulin-like growth factor I (IGF-I) mediates the effects of growth hormone in
peripheral tissues, and its function is also enhanced by insulin. Increased IGF-I levels
have a negative feedback on growth hormone secretion. In case of low IGF-I levels in
type 1 diabetes the negative feedback to growth hormone is attenuated (12,13). The
increasing growth hormone levels initiate a cascade, as represented in Figure 1.
Specific binding proteins regulate the bioavailability of circulating IGF-I. IGFbinding protein 1 (IGFBP-1), which is synthesized in liver, is directly related to insulin
levels in the portal circulation. Fasting IGFBP-1 levels become lower in the course of
puberty, owing to increased insulin secretion during maturation (14). In contrast, the
relative hypoinsulinaemia in the liver leads to inefficient suppression of IGFBP-1 levels
(15). Although IGFBP-1 binds only about 10% of the circulating IGF-I, the increased
levels may further decrease the bioactivity of IGF-I (8).
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Fig. 1. Schematic representation of the interaction between insulin and growth hormone,
insulin-like growth factor I (IGF-I) and IGF binding protein –1 (IGFBP-1).

Serum lipid profile. Serum total cholesterol and triglyceride levels increase slowly
during early childhood and remain relatively stable up to the beginning of puberty.
During puberty the total cholesterol and low-density lipoprotein (LDL) cholesterol levels
fall with advancing maturation and high-density lipoprotein (HDL) also decrease
especially in the boys (16). In type 1 diabetes, the overall lipid levels in children and
adolescents are in the normal range (17), but when glycosylated haemoglobin levels are
high, total and LDL cholesterol and triglyceride levels are elevated and HDL cholesterol
levels depressed (17). Total cholesterol levels are lower in intensively treated adolescents
with type 1 diabetes than in conventionally treated patients (18).
Serum leptin. Leptin, which is a 167-amino-acid peptide, is a product of the ob gene.
Leptin inhibits food intake and increases thermogenesis in brown adipose tissue (19).
Leptin is expressed in adipocytes, and its production is stimulated by insulin (9). It does
not play a very central role as far as planning the care of adolescents with type 1 diabetes
is concerned, but it may reflect adiposity and insulin bioavailability. Leptin levels remain
low in children with type 1 diabetes before insulin treatment (20), but increase rapidly
after its initiation (21). Later, leptin levels may be similar to (20) or higher than (22) those
in healthy children and adolescents. Girls with type 1 diabetes have higher leptin levels
than boys, a difference that is related to increased body fat in pubertal girls (22) and
possibly the suppression of leptin levels by androgens in boys (23).

2.2 Pathology and evaluation of microvascular complications
The functional and structural changes entailed in late complications of type 1 diabetes are
characterised by abnormalities in the microvasculature of various organs. The main
feature is thickening of the basement membranes. The primary reason and initiator of
these changes is hyperglycaemia. Although experimental and animal studies, together
with clinical and genetic assessments have provided new information on the pathology of
the late complications of type 1 diabetes and their pathogenetic mechanisms, there are
several areas where the exact pathogenesis is not yet fully understood.
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2.2.1 Diabetic retinopathy
Diabetic retinopathy relates to alterations in the function and structure of the microvessels
of the retina and retinal nerve fibre layer. The progression of the structural changes occurs
in succession, and this can be utilized for follow-up and treatment purposes. Retinopathy
may be divided into two main stages, non-proliferative and proliferative stage (24).
The earliest changes are vascular microaneurysms, resulting from endothelial
proliferation, and blot haemorrhages. In mild non-proliferative retinopathy the capillaries
leak due to increased permeability. The pericytes, which support the structure of the
vessel walls die, and the capillary basement membrane becomes thickened. Soft cottonwool spots are also seen, reflecting ischaemic stasis in the nerve fibres (24,25).
In the middle stages of non-proliferative diabetic retinopathy the venous calibers are
variable and show beading. There are intraretinal microvascular abnormalities and
ischaemic areas, which relate to the closure and loss of capillaries. Furthermore,
haemorrhages and microaneurysms become more extensive. These haemorrhages appear
in the inner layer of the retina (dot-shaped haemorrhages), or into the nerve fibre layer
(flame-shaped haemorrhages) (24,25). Increased vascular permeability may result in fluid
accumulation in the retina and cause macular oedema at any stage (24,26).
As retinopathy advances into the proliferative stage, large vessels are also occluded,
leading to proliferation of new vessels growing into the optic disc or other parts of the
retina and vitreous. Haemorrhages occur in the preretinal area and vitreous body, and the
iris may also neovascularise, resulting in glaucoma. Retinal traction and tears may occur,
as well as retinal detachment. This stage entails a high risk of blindness (24).

2.2.1.1 Evaluation of diabetic retinopathy
Direct evaluation and follow-up of the microvascular tissue changes in the retina is
possible, but cataracts and glaucoma may occur in addition to the retinal changes. Thus
the retinal examination should also include measurements of visual aquity and intraocular
pressure (27). Dilatation of the pupils is recommended before retinal examination
(24,27).
Direct or indirect ophthalmoscopy may be used, but these methods have restrictions
that may cause loss of information on the retinal status (27). Direct ophthalmoscopy is
not recommended as a screening method for retinopathy in children (28). Intravenous
fluorescein angiography with a retinal fundus photograph is a sensitive method for
detecting not only structural but also early functional abnormalities, but it may have
adverse effects (27), and the earliest functional changes seen with this technique are not
necessarily progressive (29). Fluoroangiography is not recommended for screening
retinopathy in otherwise healthy patients (24). Fundus photographs are used most
frequently in clinical work, and they are helpful for documenting and evaluating retinal
changes at follow-up (24). A variable number of visual fields can be used (27).
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Screening for diabetic retinopathy with fundus photography through dilated pupils is
recommended for children and adolescents with type 1 diabetes. This should be started
five years after the presentation of diabetes, at the age of 11 years or at puberty –
whichever is the earlier – with annual follow-ups thereafter. In the case of pubertal onset
diabetes, the first evaluation is recommended two years after onset (28).
The follow-up of retinal changes is important, since retinopathy may progress rapidly.
Bonney et al. (30) observed that 11% of their adolescent patients with type 1 diabetes
having early diabetic retinopathy showed progression during the median follow-up time
of 1.3 years. It is recommended that cases of mild and moderate non-proliferative
retinopathy without macular oedema in the adult patients should be re-examined within
6-12 months because of the increased risk of progression to the proliferative stage (31).

2.2.2 Diabetic nephropathy
Diabetic renal disease is characterised first by increased kidney size and glomerular
filtration rate (GFR), followed by a progressive increase in urinary albumin excretion.
Later on, glomerular filtration decreases and blood pressure levels increase. Persistently
elevated urinary albumin excretion rate (AER) in type 1 diabetes is predictive of
progression to nephropathy (32). Albuminuria reflects tissue changes in other organ
systems as well (33), which makes the evaluation of kidney function in type 1 diabetes
extremely important. Diabetic kidney disease can be indirectly assessed by clinical
variables such as AER and functional tests such as GFR, while structural changes are
seen directly in biopsy. Factors like increased vascular permeability in the retina bear
similarities to features of diabetic renal disease.

2.2.2.1 Urinary albumin excretion rate
AER is enhanced by an increased GFR, or by a saturated tubular reabsorption capacity.
Such conditions prevail in connection with exercise, upright posture, hyperglycaemia,
infection and pregnancy (34). AER is approximately 30% higher in a 24-h urine sample
than in an overnight urine collection (35), and there is considerable variation between
consecutive samples. AER increases with puberty in healthy adolescents (37), and is
elevated in many teenage patients with poor metabolic control (38).
AER in the range 20–200 µg/min in an overnight timed urine sample can be
considered to represent microalbuminuria. There are several methods for screening like
the albumin-to-creatinine ratio in a random spot sample, a 24-h sample with measurement
of creatinine clearance, and a timed overnight urine collection (38). Because of the dayto-day variation, two out of three urine samples taken within three to six months should
be abnormal to meet the definition of persistent microalbuminuria (28,38). The
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recommendations regarding screening of children and adolescents with type 1 diabetes
for microalbuminuria are identical to those for retinopathy (28).

2.2.2.2 Functional and structural aspects
Increase in GFR is one of the earliest functional kidney changes in diabetes (39). In an
Italian study GFR in adolescent patients with type 1 diabetes elevated during the first six
years of diabetes followed by a slow decline (40).
The capillary endothelial cells, glomerular basement membrane and podocytes form a
filtration barrier between the blood and the urinary space. The glomerular mesangial cells
provide structural support for the capillary loops, and the surrounding matrix is composed
of sulphated glycosaminoglycans, fibronectin and laminin (34). The structural kidney
changes occurring in diabetes can be evaluated quantitatively from the thickness of the
glomerular basement membrane and the mesangial and matrix volume as a proportion of
the glomerular volume (41).
The renal mesangium, although not the mesangial cellularity, normally increases in
relation to glomerular size in healthy children and adolescents (42). The basement
membrane width and relative mesangial and matrix volume increase in normoalbuminuric
children and adolescents with type 1 diabetes. These changes are detectable soon after
presentation of diabetes (43), and they increase with disease duration (43) and with any
deterioration in the glycaemic control (44). The glomeruli are usually not enlarged in
early type 1 diabetes (43).

2.2.2.3 Natural history
Like retinopathy, diabetic renal disease also develops in stages, and the progression can
be divided into five phases (39). The initial silent kidney changes are functional ones,
including glomerular hyperperfusion and hyperfiltration. Kidney size and glomerular
volume also increase. These changes are most probably related to the ambient glucose
level and thus reversible after initiation of insulin treatment (39).
Secondly, subtle morphological changes take place, such as thickening of the
glomerular basement membrane, glomerular hypertrophy and mesangial and mild
tubulointerstitial expansion (39). The AER may be within the normoalbuminuric range at
this stage (43).
In the third phase, which may also be called incipient nephropathy, microalbuminuria
is persistent, the glomerular basement membrane becomes thicker, and the mesangial
matrix is further expanded. During the fourth phase AER continues to increase to reach
macroalbuminuria, i.e. AER over 200 µg/min, and the GFR decreases. This phase
represents overt nephropathy. If no therapy is provided to protect the kidneys, this will
lead to the fifth phase, i.e. end-stage renal failure (39). The course of diabetic renal
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disease is variable between patients, however, so that some may experience only mild
disease even in the fourth decade of diabetes (45).

2.2.3 Diabetic neuropathy
The term diabetic neuropathy includes either a clinical or subclinical disorder without any
additional causes of peripheral neuropathy other than diabetes (46). Since diabetes affects
the somatic sensory and motor nerves and also the autonomic nerves, diabetic neuropathy
is actually a group of neuropathies (47). It can be divided into reversible “hyperglycaemic
neuropathy” and more persistent progressive neuropathy, where the latter includes
symmetric focal, multifocal and distal diabetic polyneuropathy and mixed forms. Distal
diabetic polyneuropathy is the most common of the diabetic neuropathies and implies
diffuse symmetric damage to the peripheral small sensory and large motor nerves with or
without changes in the function of the autonomic nervous system (ANS) (47,48).

2.2.3.1 Pathology
The number of nerve fibres decreases and the myelin sheath degenerates, and changes
also appear in the endoneurial connective tissue, endoneurial vessels and perineurium
(49). An abnormal vasa nervorum may cause local nerve ischaemia (50), since the
endoneurial capillary basement membrane is thickened, and the tight junctions between
the cells decrease in number (51). The progression of nerve demyelination leads first to a
decrease in conduction velocity and then to a nerve conduction block. The process of
nerve demyelination may progress to Wallerian degeneration, in which the nerve axon is
also injured and the distal part of the axon dies (49).

2.2.3.2 Evaluation
Peripheral nervous system. Dysfunction of peripheral small nerve fibres involves
diminished pain and temperature perception and it may include paraesthesias,
dysaesthesias and neuropathic pain. If the large nerve fibres are affected, vibration, light
touch and joint position senses are impaired, and the tendon reflexes are attenuated.
Peripheral nerve function can be assessed objectively in terms of the vibration perception
threshold (VPT), temperature thresholds and nerve conduction studies (52).
Subclinical diabetic neuropathy can only be detected by sensitive nerve function tests
or nerve biopsy (46,53). Quantitative sensory testing, nerve conduction studies and
testing of ANS function may be needed in addition to clinical examinations in order to
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stage diabetic neuropathy (46). In the presence of unfavourable metabolic control
children and adolescents should be examined in relation to symptoms of neuropathy, skin
sensation, vibration sense, light touch and ankle reflexes (28).
Autonomic nervous system. Symptoms of ANS dysfunction, e.g. bladder complaints,
intermittent diarrhoea, gastroparesis (gastric fullness), orthostatic light-headedness and
gustatory sweating are rare in children and adolescents, but the symptoms are variable in
patients with autonomic neuropathy (54,55).
Cardiovascular autonomic parasympathetic and sympathetic responses in heart rate
and blood pressure during various stimuli can be evaluated with standard tests (56): heart
rate with the Valsalva -ratio, orthostatic test and deep breathing test and reactions in blood
pressure with the orthostatic test and sustained handgrip. There are several other tests
available that are suitable for evaluating ANS function in children and adolescents, e.g.
pupil reflex adaptation after dark and sympathetic skin response (57-60). Some of the
cardiovascular tests are too demanding for children and adolescents (61).
Time domain and power spectrum analyses of heart rate variability (HRV) based on
long-term or short-term are used frequently (62-65) and are considered more extensive
than conventional cardiovascular reflex tests (66,67). The power (variance) spectrum of
HRV contains three main frequency peaks. The high frequency (HF) power (0.15–0.4 Hz)
of the HRV is related to respiration and efferent vagal activity, and increases during
controlled respiration and cold stimulation of the face, while the low frequency (LF)
power (0.04–0.15 Hz) is related to both sympathetic and vagal activity, and increases
upon standing up. The very low frequency (VLF) power (<0.04 Hz) is related to cyclic
fluctuations in peripheral vasomotor tone, but its physiological correlates are largely
unknown (66,68).

2.3 Hyperglycaemia in the pathogenesis of microvascular
complications
Hyperglycaemia is a major risk factor for the development of diabetic microvascular
complications (69), and it promotes many functional changes in the microvasculature that
lead to structural tissue changes. The mechanisms that mediate the adverse effects of
hyperglycaemia include extracellular nonenzymatic glycation processes, sorbitol
accumulation through aberrant aldose-reductase enzyme activation and alterations of
various signal pathways like diacylglycerol (DAG) – protein kinase C (PKC) pathway
(Figure 2).
Hyperglycaemia

AGEs

Growth factors

Ne phropathy

Polyol pathway

Cytokines
Intracellular
messengers

Re tinopathy

DAG-PKC pathway

Neuropathy

Fig. 2. Pathways of microvascular complications initiated by hyperglycaemia. AGEs,
advanced glycation end products; DAG, diacylglycerol; PKC, protein kinase C.
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In the kidneys, for example the earliest change is the increase of GFR, which is
parallel with the increasing size of the kidneys (39,70). In the nervous system,
experimental studies have shown that nerve conduction velocity and nerve amplitude
decrease soon after manifestation of clinical diabetes. These changes correlate with nodal
swelling, which relates to decreased paranodal sodium permeability, and retarded
increase in the initial Na+ current of the evoked potential (71). These early changes in
different organs are reversible after initiation of insulin treatment and correction of
hyperglycaemia. Some of the mechanisms involved in peripheral nerves are shown in
Figure 3.
Hypoinsulinaemia
Hyperglycaemia
Nonenzymatic
glycation of
neural proteins ↑
Axonal
transport ↓

Decreased uptake
of myoinositol

Polyol activity ↑

Nerve myoinositol ↓

Nitric oxide synthase activity ↓

Nerve function ↓

Nerve ischaemia

Sorbitol ↑

Impaired Schwann
cell and basal
lamina regeneration
Fig. 3. Some of the pathogenetic mechanisms responsible for the development of
microvascular complications in diabetes (diffuse neuropathy).

Advanced glycation end products. Extracellular glucose, fructose and early glycolytic
intermediates may react with primary amines such as arginine and lysine in a nonenzymatic process forming advanced glycation end products (AGEs).
Glucose + protein ↔ Schiff base ↔ Amadori products ↔ AGEs
AGEs are irreversibly chemically damaged proteins, and in animal models the levels
increase in kidneys, vascular tissue and skin within a few weeks of the induction of
diabetes (72,73). They are useful biomarkers of tissue damage in diabetes, and they may
themselves exacerbate the pathogenetic processes of late complications, by mediating
increased extracellular mesangial matrix deposition, for example, which leads to
mesangial expansion (74). They cause trapping and cross-linking of proteins, or they may
bind to specific receptors on the cell surface and modulate cell functions (74-77). The
activities and functions of the receptors in vivo remains unclear, although some of them
are well characterised (78).
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Protein kinase C. Hyperglycaemia activates the DAG - PKC signal pathway. DAG is a
second messenger for activating protein kinases such as PKC (79,80). This pathway
regulates many actions in vascular cells, such as permeability, contractility, cell growth
and angiogenesis (79). PKC affects the activation of a number of growth factors and
change the expression or function of vasoactive factors like endothelin-1 and nitric oxide
(70,81).
Aldose reductase activation. Only a small proportion of glucose is metabolised to
sorbitol during normoglycaemia, while in hyperglycaemia the enzyme aldose reductase is
activated, leading to an accumulation of intracellular sorbitol that increases the flux
through the polyol pathway. Accumulation of sorbitol is associated with nerve
dysfunction and cataract and has been ascribed a potential role in the pathogenesis of the
above complications. However, several trials have been performed that involve the
inhibition of aldose reductase in patients with neuropathy without any conclusive results
(59).
Growth factors. The abnormal glycaemic exposure that takes place in type 1 diabetes
changes the expression and local effects of several growth factors, such as IGF-I,
transforming growth factor (TGF ) and vascular endothelial growth factor (VEGF).
The two main growth factors, which may affect the retinal microvasculature are IGF-I
and VEGF. IGF-I stimulates the migration and proliferation of retinal vascular endothelial
cells (82). The role of IGF-I in proliferative diabetic retinopathy is not clear, since IGF-I
concentrations in the retina or vitreous body may increase secondarily as a result of
retinal ischaemia (82,83). VEGF is normally expressed in the retinal vessel walls and
retinal pigment epithelium, but its expression changes in incipient retinopathy. This leads
to hyperpermeability and endothelial cell proliferation (84), while at the proliferative
stage it induces compensatory formation of new vessel in the retina, disc or iris (84,85).
TGF is the main growth factor responsible for the pathological changes in the kidneys
in diabetes. TGF normally mediates many functions including the synthesis of
extracellular matrix and inhibition of the endothelial cell growth, while in diabetes its
expression leads to accumulation of extracellular matrix components, i.e. fibronectin,
collagen IV and VI (86). Besides hyperglycaemia, hypertension, AGEs and vasoactive
hormones such as angiotensin II in human and rodent mesangial cells enhance the
expression of TGF (74,86).
Neurotrophins participate in nerve growth, maturation and function, with retrograde
neurotrophin flow along nerve fibres serving as the factor that allows nerve growth and
regeneration (86,87). Nerve regeneration is impaired in type 1 diabetes at least partly due
to altered retrograde transport of growth factors and decreased growth factor synthesis
(86).
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2.4 Epidemiology of diabetic microvascular complications

2.4.1 Retinopathy
Considerable variations have been reported in the prevalence of retinopathy in young
patients (Table 1). Mild non-proliferative changes are quite frequent, while proliferative
retinopathy is rare (88). Bonney et al. (30) demonstrated that 11% of their adolescents
with diabetic retinopathy progressed during a relatively short follow-up (range 0.5 – 3.0
years), while 5% showed regression. Seventy to 90% of the patients will develop
retinopathy during 20 years duration of diabetes (89), and the cumulative incidence rate
of proliferative diabetic retinopathy in patients over 15 years of age is 17.3 per 1000
patient years (90). Loss of vision occurs in about 2.5% of adult patients with type 1
diabetes, and it is related to long diabetes duration, poor glycaemic control and the grade
of retinopathy (91).

2.4.2 Microalbuminuria and nephropathy
As with retinopathy, the reported prevalence of persistent microalbuminuria in adolescent
patients with type 1 diabetes is also variable (89,92-94) (Table 2). In the Oxford Regional
Prospective Study the cumulative probability for persistent microalbuminuria in children
and adolescents was 18% after 11 years of diabetes (95). The cumulative probability of
microalbuminuria during the prepubertal years has been reported to be 9% in patients
under 5 years of age at presentation with diabetes, and the incidence density increases
more during adolescence in these patients than in patients diagnosed between 5 and 11
years (95). Approximately two thirds of patients with persistent microalbuminuria during
the first ten years of diabetes show further progress in AER during the next decade (96).
The annual incidence of development of persistent microalbuminuria has been observed
to be 2% in adult patients (97).
Nephropathy is seldom observed in children and adolescents until the second decade
of type 1 diabetes (98), a situation which is substantially different from that in adult
patients, 4% of whom develop nephropathy during ten years of diabetes (45). The
incidence of nephropathy peaks during the second decade of type 1 diabetes and declines
thereafter. The cumulative incidence of nephropathy after 40 years of diabetes is around
40% (45).
The incidence of nephropathy in type 1 patients is declining (99) as a consequence of
improved glycaemic control over recent decades. Intensive insulin therapy reduces the
risk of microalbuminuria and delays the onset of diabetic nephropathy and retards its
progression (18,100). The prevalence of proteinuria is lower in European than in
American patients, irrespective of the duration of diabetes (101).

339 / 180
188 / 97
371
228
203
557 / 278
65 / 25
194 / 107

Olsen et. al. 1999 (114)

Donaghue et. al. 1997 (115)

Joner et. al. 1992 (129)

Bognetti et. al. 1997 (133)

Bonney et. al. 1995 (30)

Kernell K et. al. 1997 (88)

D´Antonio et. al. 1989 (17)

Falck et. al. 1993 (158)
1

2

11.8 (4.6 – 16.6)

14.3 (5.8 – 20.9)

14.6 (12.4 – 17.0)

14.5 (10.4 – 20.6)

1

15.9 (4.4)

18.3 (4.9)

(15 – 22)

21.1 (12.0 – 26.9)

1

Age (years)

4.5 (0 – 14.2)

5.0

5.4 (3.6 – 7.8)

6.6 (1.1 – 16.3)

8.8 (3.7)

10.1 (2.9)

11.5 (9.2 – 13.5)

1

2

13.2 (8.9 – 24.5)

(years)

Duration of diabetes

11

13

15

41

20

33

52

58

Non-proliferative

-

-

2.3

-

3

-

-

1 patient

Proliferative

Retinopathy (%)

Data are means (range or SD), unless otherwise stated. Median (range) Patients with retinopathy; patients without retinopathy: 8.5 (6.0 – 11.7) years.

patients / boys

Study (reference number)

Number of

Table 1. Studies on the prevalence of retinopathy in children and adolescents with type 1 diabetes.

155 / 67
86 / 47
62 / 29
125 / 62
179 / 89
102 / 50
164 / 81
1020 / 546

Rudberg et. al. 1996 ** (140)

Rowe et. al. 1984 * (92)

D´Antonio et. al. 1989 *(17)

Salardi et. al. 1990 * (29)

Dahlquist et. al. 1987 * (159)

Mathiesen et. al. 1986 * (93)

Janner et. al. 1994 ** (6)

Mortensen et. al. 1990 * (94)

(1.4 – 18.9)

10.2 (5.0 – 13.5)

15 (7 – 18)

1

17 (4)

11.9 (5.0)

14.3 (3.7)

13.2 (7 – 19)

17.0 (SE 0.3)

Age (years)

1

(0.0 – 17.6)

(1 – 12)

> 2 years

(5 – 20)

4.9 (4.7)

5.0

5.0 (3.4)

9.8 (SE 0.3)

diabetes (years)

Duration of

20 µg/min

20 µg/min / 1.73 m

14 µg/min

18.5 µg/min

17 µg/min

20 µg/min

12.2 µg/min

20 µg/min

2

T (2)

T (3)

T (2)

D (1)

D (2)

D (1)

T (1)

T (2)

urinary AER (µg/min)

Reference limit for

4

20

20

20

10

21

15

15

Prevalence (%)

AER; albumin excretion rate, T; timed overnight urine sample D; 24 –hour urine sample, number of abnormal samples required for diagnosis in parenthesis.

Data are means (SD or range), unless otherwise stated. SE; standard error of the mean, Median (range). * Cross-sectional study, ** Follow-up study.

patients / boys

Study (reference number)

Number of

Table 2. Studies on the prevalence of persistent microalbuminuria in adolescent patients with type 1 diabetes.
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2.4.3 Peripheral and autonomic neuropathy
Peripheral somatic neuropathy. The prevalence of subclinical distal diabetic neuropathy
varies between 0 and 70% in studies on children and adolescents. This wide variation
may be due to the variety and number of measurements included in the definition of
neuronal dysfunction (102-105) (Table 3). Peripheral nerve dysfunction in children and
adolescent patients with type 1 diabetes progresses slowly (106). In an Australian study,
re-testing of peripheral nerve function in response to hot, cold and vibration sensations in
adolescent patients did not reveal any increase in the number of abnormalities over a 3year period, nerve dysfunction being unrelated to age, duration of diabetes and glycaemic
control (106). On the other hand, an epidemiological study in Pittsburgh showed the
prevalence of symmetric clinical diabetic polyneuropathy to be 18% in patients with type
1 diabetes between 18 and 29 years of age (107).
Autonomic neuropathy. The definitions of ANS dysfunction in children with type 1
diabetes have been variable, partly due to the number and quality of the individual tests
used, and partly to the considerable variability in the normal ranges for ANS function in
young patients (Table 4). The prevalence of autonomic dysfunction, based on one or more
abnormal cardiovascular reflex tests varies between 0–40% (106,108-110), while figures
based on two or more test abnormalities range up to 24 % (111). Some series suggest a
very early onset of ANS dysfunction (112), while other studies have observed only mild
deterioration in the cardiovascular reflex tests, or none at all, during several years of
follow-up (61,106,113). There are only few reports of permanent changes in ANS in
children and adolescents with type 1 diabetes (61).

292
75
38
66
161
181
61
92

307

Bognetti et. al. 1997 (133)

Hyllienmark et. al. 1995 (182)

Bao et. al. 1999 (105)

Duck et. al. 1991 (103)

Käär et. al. 1983 (131)

Donaghue et. al. 1993 (57)

Olsen et. al. 1994 (180)

Barkai et. al. 1998 (160)

Davis et. al. 1997 (104)

13.3 (4.6)

14.2 (2.1)

15.5 (10 – 21)

15.0 (1.9)

12.5 (3.6)

12.7 (6.2 – 18.2)

12.7 (4 – 21)

15.4 (3.6)

15.9 (4.4)

Age (years)

Data are mean (SD or range). VPT; vibration perception threshold.

subjects

Study (reference number)

Number of

1

1

VPT > 97th percentile

normal

1 or more current perception threshold above

VPT > 95th percentile

Temperature or VPT tests > 95 % reference limit

Peroneal nerve conduction velocity < -2 SD

1 or more nerve conduction tests > ± 3 SD

Nerve conduction tests > ± 2 SD

Peroneal nerve conduction velocity < - 2 SD

Nerve conduction tests > ± 2 SD for age

in 2 or more nerves + ankle reflexes or VPT reduced

5.1 (4.9)

5.8 (3.0)

6.9 (1 – 19)

7.8 (3.2)

5.3 (3.9)

6.1 (1.2)

7.2 (1 – 15)

8.2 (3.5)

8.8 (3.7)

diabetes (years) Definition of dysfunction

Duration of

9

23

20

9

30

0

69

41

19

(%)

Abnormal

Table 3. Studies on the prevalence of peripheral nervous system dysfunction according to the definition used in adolescent
patients with type 1 diabetes compared with the control subjects.

204
110

110
248
129

Holder et al.1997 (109)

Verrotti et al. 1995 (108)

Barkai et al. 1995 (111)

Ringel et al. 1993 (61)

Karavanaki et al.1997 (112)
2

11.9 (3.4)

11.6 (2.6)

13.0 (2.4)

14.9 (7.1)

16.5 (4.3)

(years)

3.9 (3.2)

4.0 (3.2)

6.0 (3.8)

6.1 (4.0)

7.9 (5.3)

2

HRV during rest and standing, DB, Valsalva ratio

DB, HRV during standing

1

Heart rate at rest, DB, standing, sustained handgrip

percentile
1

Valsalva ratio, DB, standing, sustained handgrip < 2.3 th

Valsalva ratio, DB, 30:15 ratio

diabetes (years) Cardiovascular reflex tests

Duration of

Data are means (SD). > 95% or < 5% confidence limit < 5th percentile. DB; deep breathing test, HRV; heart rate variability.

1

Number

Study (reference number)

Age

16 (1); 8 (2 or more)

3 (2)

15 (1); 24 (2 or over)

43 (1 or over)

34 (1 or over)

(number of tests)

Abnormal (%)

Table 4. Studies on the prevalence of autonomic nervous dysfunction in cardiovascular reflex tests in children and adolescents with type 1
diabetes compared with the control subjects.
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2.5 Risk factors for microvascular complications in diabetes

2.5.1 Glycaemic control
The rate of non-proliferative diabetic retinopathy in the Berlin Retinopathy Study was
found to increase with deteriorating glycaemic control, the greatest progression being
observed in patients with long-term HbA1c within the highest quartile (116). Bonney et
al. (30) reported that progression of diabetic retinopathy was twice as likely in adolescent
patients with high HbA1c and long duration of diabetes as in patients without these risk
factors. The model presented by Javitt et al. (117) predicted that 72% of patients with
type 1 diabetes and inadequate metabolic control would develop proliferative retinopathy
at some stage in their life-time. There are also reports of transiently progressive
retinopathy in the presence of strictly improved metabolic control (100,118).
The overall increase in AER and the development of persistent microalbuminuria is
primarily determined by poor long-term metabolic control (119), and poor control during
the first years of diabetes in particular may later predispose to microalbuminuria (120). In
a large prospective study from Denmark the relative risk for progression from
normoalbuminuria to micro- or macroalbuminuria was 1.13 (95% confidence interval, CI
1.04–1.23) for patients with poor metabolic control (121). A direct association between
microalbuminuria and high HbA1c has been established especially in adolescent girls
with type 1 diabetes (94), while there is no such gender difference in adults with
microalbuminuria (119). Incipient structural changes in the kidneys of children and
adolescents do not necessarily relate to long-term glycaemic control (43), but high
HbA1c is an independent risk factor for increasing basal membrane thickness (122).
Nerve conduction, which is slightly reduced at the time of diagnosis of type 1 diabetes,
improves with the improvement of metabolic control (123,124), and long-term
normoglycaemia retards the development of peripheral nerve dysfunction (2,125). The
Oslo study, for example, showed decreases in motor and sensory nerve conduction
velocities along with deterioration of glycaemic control, independently of other
parameters (125). In some studies reduction in nerve conduction has been been related to
poor metabolic control more strongly in male than in female patients (126).

2.5.2 Duration of diabetes
Although structural changes in the retina may be found shortly after the diagnosis of
diabetes, they are usually not reproducible (127). Retinopathic lesions may improve and
fluctuate (30,127). There are a few young patients who experience retinopathy within a
couple of years of diabetes. Prevalence of retinopathy increases with increasing duration
of the disease, since one third of patients with a duration between 10 and 12 years have
retinopathy (88), and nearly all of those with a duration of 20 years or over have it to
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some degree (89,128). Conversely, it has also been demonstrated that patients with more
advanced retinopathy have a long duration of diabetes. Patients with type 1 diabetes
diagnosed between 10 and 30 years of age may experience significant retinal changes
within ten years thereafter (129), and proliferative retinopathy appears to 4% of those
who have had diabetes for 10 years, 25% of those with 15 years of diabetes (130), and
30% of those who have had it for over 20 years (128).
The duration of diabetes may have less influence on diabetic nephropathy and
microalbuminuria than on retinopathy. The incidence peak of diabetic nephropathy occurs
during the second decade of type 1 diabetes and declines thereafter (45), while only a
slight increase in the prevalence of microalbuminuria has been observed during the
second decade of diabetes in young adult patients (129).
Many previous series and some recent ones have showed that duration of diabetes in
addition to poor glycaemic control have a negative impact on peripheral nerve function in
children and adolescents with type 1 diabetes (69,103,131-133).

2.5.3 Blood pressure
An increase in blood pressure is most closely related to diabetic renal disease. Whether
blood pressure is a primary or secondary factor in the development of diabetic
nephropathy was for a long time questonable. Originally it was thought that blood
pressure increases as a consequence of the renal lesions, since an elevated AER seemed to
precede any increase in blood pressure in type 1 diabetes and the diastolic blood pressure
was shown to increase before the systolic blood pressure level (97). This view differed,
however, from the findings of two previous studies, which showed that parental familial
hypertension increased the risk of persistent microalbuminuria (134,135) suggesting that
genetic susceptibility to high blood pressure is associated with the development of
diabetic nephropathy. The latter view was supported by a more recent 24-hour blood
pressure monitoring study of Finnish and Danish patients with type 1 diabetes (136).
The view today is that subtle changes in blood pressure precede the development of
nephropathy. An increased blood pressure level is a consistent finding related to diabetic
renal disease, and blood pressure lowering has a dramatic effect on the progression of
nepropathy (137). The use of angiotensin converting enzyme (ACE) inhibitors further
retards disease progression relative to blood pressure control alone (138).
Hypertension has also observed to influcence on the progression to clinical neuropathy
in adult patients with type 1 diabetes, in addition to other risk factors such as poor
metabolic control, smoking, duration of diabetes and height (139).
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2.5.4 Microalbuminuria
Microalbuminuria at the level of 30 µg/min seems to predict an increase in AER (140). If
microalbuminuria is intermittent, it is reversible in a considerable proportion of patients,
but it can still be regarded as a risk factor for AER progression, since one fourth of
adolescent patients still progress to persistent microalbuminuria during the subsequent
years (141). Although the types of samples and cut-off levels for microalbuminuria vary
between reports (Table 2), it has been accepted that persistent microalbuminuria in type 1
diabetes increases the risk of the later development of overt nephropathy (32,142,143).
AER per se may enhance the progression of albuminuria, as has been demonstrated in
normoalbuminuric adult patients who later developed persistent microalbuminuria, in that
they had previously had significantly increased AER, although within normal range,
compared with non-progressors (97). Furthermore, AER has been reported to increase
about 20% per year in patients who will later develop persistent proteinuria (144).
Persistent microalbuminuria is a risk factor for diabetic retinopathy, in addition to poor
glycaemic control, long diabetes duration and elevated blood pressure (17,116,130).

2.5.5 Genetic factors
Consideration of the influence of genetic factors on microvascular complications has
largely been focused on diabetic nephropathy. Nephropathy affects only one third of
patients with type 1 diabetes, and in contrast to retinopathy and neuropathy, has an
incidence peak during the second decade of diabetes, declining thereafter (45). The risk
of nephropathy is increased in patients who have siblings with type 1 diabetes and
nephropathy (145,146). This familial clustering suggests that genetic factors are
important in the development of renal disease. Furthermore, parental hypertension
(134,136), parental type 2 diabetes (147) and increased parental cardiovascular mortality
(148) all favour some measure of genetic susceptibility. Many candidate genes conferring
susceptibility to diabetic nephropathy have been implicated, but without any conclusive
results so far (149).

2.5.6 Other risk factors
Smoking. There are reports that patients with persistent microalbuminuria or nephropathy
smoke more than those without renal problems (45). In an Australian study, smoking was
more prevalent among adolescent patients with microalbuminuria than among those
without, and smoking was directly related to the progression of microalbuminuria (150).
Interestingly, maternal smoking during pregnancy has also been showed to be associated
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with persistent microalbuminuria in young adults with type 1 diabetes. This may be
associated with low birth weight and elevated blood pressure (151).
Gender. Men have a higher risk of nephropathy than women (45), whereas no such
clear relationship with sex has been demonstrated for elevated urinary AER or
microalbuminuria (90,111). The EURODIAB Study reported moderate non-proliferative
diabetic retinopathy to be significantly less frequent in women than in men, but mild nonproliferative and proliferative diabetic retinopathy did not differ between the sexes (91).

2.6 Impact of puberty on microvascular complications
The impact of pubertal maturation on diabetic microvascular complications has attracted
much interest in recent years. Studies on hormonal profiles in adolescents with type 1
diabetes have provided new approaches for estimating the relation between puberty and
tissue changes related to the development of microvascular complications. There are
several variables, however, which may be directly associated with pubertal maturation,
e.g. age, increase in HbA1c, height, duration of diabetes, daily insulin dose, and not least,
psychosocial problems and adherence to diabetes care, and these interrelated factors may
further complicate the possible conclusions to be reached on the impact of the pubertal
years on diabetes.
It is possible to examine pubertal maturation closely by means of pubertal staging
(152). Few studies in this area have, however, been designed to evaluate the Tanner stages
of pubertal maturation (7,88,106,111), but instead the tendency has been to choose an
arbitrary age limit for the onset of puberty (63,94,110,153,154).
Retinopathy. Diabetic retinopathy has been reported in prepubertal patients with type 1
diabetes, but the prevalence is much lower than in the late pubertal period (155,156), and
it is extremely rare in children younger than 10 years, regardless of the duration of
diabetes (157). In a Swedish multicenter study, diabetic retinopathy regardless of stage,
was detected in 6% of the prepubertal patients compared with 18% of the postpubertal
patients with a similar duration of diabetes (88).
Although patients with type 1 diabetes diagnosed before 10 years of age have a longer
retinopathy-free latency period than those diagnosed close to or in puberty (127), the
long-term risk for diabetic retinopathy is greater in adolescent and young adult patients
diagnosed before puberty than in patients with onset during or after puberty
(90,128,157,158), and patients with very early onset i.e. under eight years of age, also
have an increased risk of proliferative retinopathy as young adults (128).
Persistent microalbuminuria. Prepubertal metabolic control in type 1 diabetes has been
reported to contribute to the risk of microalbuminuria during and after puberty (95) and
pubertal development seems to initiate (159) or enhance the progression of
microalbuminuria (7,95,150). Some studies have emphasized that microalbuminuria is
more frequent in early than late puberty (6). The progression of AER and the risk of
persistent microalbuminuria are higher in pubertal patients than in prepubertal or
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postpubertal ones (7), while if microalbuminuria is diagnosed at the end of puberty, it is
more likely to progress than regress (140).
Peripheral and autonomic nervous system. It is obvious that puberty may have an
enhancing effect on nerve dysfunction, since at least peripheral sensory nerve dysfunction
has shown to deteriorate with advancing puberty, in addition to poor glycaemic control
(111,160). Advanced puberty (160) and height gain (161,162) have negative influence on
peripheral nervous system function in type 1 diabetes. Pubertal staging has seldom been
performed on series that have undergone tests for peripheral nervous system or ANS
function (106,111), age having been used as a marker of puberty in earlier power
spectrum analyses of HRV and blood pressure (63,64,110,154).

3 Purpose of the research
The purpose of the present work was to evaluate the impact of puberty on microvascular
complications of type 1 diabetes. The more specific aims of the individual papers were:
1. to assess the prevalence of retinopathy and persistent microalbuminuria and to
evaluate the role of metabolic and hormonal factors and lipid profile in microvascular
complications during puberty in type 1 diabetes (I)
2. to assess insulin bioavailability and evaluate the effect of insulin treatment on
adolescent patients with type 1 diabetes (II)
3. to evaluate the relationship between pubertal maturation and peripheral neuronal
function in type 1 diabetes (III)
4. to evaluate cardiovascular ANS function in adolescent patients with type 1 diabetes
(IV)

4 Subjects and methods
4.1 Subjects
The initial population consisted of all the patients with type 1 diabetes who attended the
Paediatric Diabetes Outpatient Clinic at Oulu University Hospital between March 1997
and February 1999, together with healthy age and sex-matched control subjects. The
clinic takes care of all patients with type 1 diabetes diagnosed before the age of 16 years
in the region, and follows the patients up to the age of 16–18 years. The inclusion criteria
for the present series were duration of diabetes over two years and age over nine years in
girls and over ten years in boys. The characteristics of the subjects are detailed in Table 5.
One hundred and one of the 138 eligible patients agreed to participate, one of whom
was excluded from the analyses because of Down syndrome and hypothyroidism. Age
and sex-matched healthy children were recruited from nearby schools, their records being
checked at the school health service clinic to exclude any with chronic illness. Around
one third of the invited control subjects actually agreed to participate, but none withdrew
their participation once the research had started.
All of the children and adolescents concerned and at least one parent of each gave
informed and written consent. The protocol was approved by the Ethics Committee of the
Medical Faculty at the University of Oulu (patients), and by the Ethics Committee of the
Oulu Municipal Health Care Service (control subjects). The research was conducted
according to the provisions of the Declaration of Helsinki.
The patients who refused to participate did not differ from the participants with respect
to age, duration of type 1 diabetes or glycaemic control (Table 5 and Table 9).
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Table 5. Characteristics of the patients and the control subjects and the non-participants.
T I – T V are Tanner pubertal stages.

N (boys / girls)

Patients

Control subjects

Non-participants

101 (49 / 52)

100 (49 / 51)

37 (21 / 16)

N (boys / girls) at Tanner stages
TI

1

T II

26 (15 / 11)

15 (8 / 7)

-

15 (11 / 4)

17 (10 / 7)

-

T III

13 (4 / 9)

13 (8 / 5)

-

T IV

27 (11 / 16)

26 (11 / 15)

-

TV

19 (8 / 11)

29 (12 / 17)

-

13.8 (9.3 – 19.0)

13.8 (9.2 – 18.8)

14.9 (10.7 – 16.5)

TI

11.2 (9.3 – 12.8)

11.3 (9.2 – 12.0)

-

T II

12.9 (10.9 – 14.9)

11.8 (9.8 – 13.5)

-

T III

13.8 (11.8 – 16.6)

12.9 (11.6 – 14.0)

-

T IV

14.5 (12.4 – 16.0)

14.4 (12.5 – 15.7)

-

TV

16.1 (14.6 – 19.0)

15.7 (14.1 – 18.8)

-

All

6.2 (2.1 – 15.6)

.

6.5 (2.6 – 13.4)

TI

5.7 (2.1 – 10.7)

.

-

T II

5.7 (2.7 – 10.1)

.

-

T III

6.6 (2.7 – 10.7)

.

-

T IV

8.3 (2.2 – 14.5)

.

-

TV

7.6 (2.4 – 15.6)

.

-

Age (years)
Age at pubertal stages

Duration of diabetes (years)

1

Data are medians (range). Five of the patients at Tanner stage I had advanced to stages T II or T III by the time
of the analyses in papers III and IV.

4.2 Methods
All patients and control subjects were hospitalised for a 22-24 h period at the beginning
of the investigation for interviews and clinical examinations conducted by the author.

4.2.1 Clinical examination (I-IV)
The pubertal staging (stages T I – T V) was based on genital maturation (G 1-5) in the
boys and breast staging (B 1-5) in the girls (152). Testes volume (ml) was calculated as
0.52*length (cm)* width squared (cm) (163). Volume of the larger testis of more than 2.0
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ml or testicular length of more than 20 mm was regarded as indicating the start of
pubertal development in the boys.
The anthropometric measurements were performed three times consecutively and the
mean value used as the actual measurement. Weight (kg) was measured once to the
nearest 0.1 kg with an electronic scale, and height (m) to the nearest 1.0 mm with a wallmounted Harpender statiometer. The Finnish growth charts were used to assess the
relative height for age (SD) and relative weight for height (%) (164). Body mass index
was calculated as weight (kg) divided by height (m) squared (kg/m2). Waist and hip
circumferences were assessed to the nearest 1.0 mm (165), and the waist to hip –ratio was
calculated. The biceps, triceps and subscapular skin folds were measured to the nearest
0.1 mm with a Harpender skinfold caliper (John Bull, UK). Body density was estimated
from regression equations based on the triceps and subscapular skin folds (166), and total
body fat (%) was calculated (167).
The insulin injection sites were evaluated for possible lipohypertrophy or lipoatrophy,
and the distal and proximal interphalangeal joints and the metacarpal joints of the fingers
were examined to assess possible joint changes associated with type 1 diabetes.
The tendon reflexes in the quadriceps, gastrocnemius, biceps and triceps muscles were
examined bilaterally. The sense of vibration was assessed using a 260 Hz vibrating fork.
The sense of light touch, pain and joint position in the index finger and big toe were
evaluated bilaterally with a round cotton-wool stick, pinprick and change in joint
position, respectively. The tendon reflexes and all the sense modalities were classified as
present or absent.
Blood pressure (mmHg) was measured with a random zero sphygmomanometer
(Hawksley, UK) three times consecutively after 5 minutes rest in supine position and with
two minutes rest between the measurements. Korotkoff´s first and fifth phases were taken
to represent the systolic and diastolic blood pressures, respectively.

4.2.2 Background information (I-IV)
All patients were receiving intensive insulin treatment, with three to five daily injections,
except for one girl at Tanner stage I who was treated with two daily injections. The
history for possible other diseases as well as for other drugs than insulin was taken. One
patient had epilepsy and was being treated with oxcarbazepine and lamotrigine. One boy
and one girl had coeliac disease and two girls had bronchial asthma regularly treated with
fluticasone and nedocromil. One boy at Tanner stage II had had a Wilms´ tumour, the
treatment of which had been completed at the age of 5 years. Smoking status and alcohol
habits were recorded. Similarly the daily insulin dose, injection sites and injection times
were recorded.
A questionnaire regarding type 1 diabetes, type 2 diabetes and hypertension in first and
second-degree relatives was completed at the beginning of the research by the patients
and their parents and checked by the author. A standard direct questionnaire regarding
possible symptoms and signs of peripheral somatic or autonomic neuropathy, modified
from previous studies (168,169), was completed at registration by the author.
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4.2.3 Eye fundus examination (I)
Bilateral fundus photographs were taken by a photographer at the Department of
Ophthalmology if the latest examination had been performed more than three months
before the research began. After dilating the pupils with one drop of cyclopentolate
(Oftan-Syklo®) 10 mg/ml in each eye, a Canon CF-60Z fundus camera with a Kodak DCS
100 digital camera pack was used to take a 60º digital colour photograph centred on the
fovea centralis. The fundus photographs were evaluated by a senior ophthalmologist who
was blinded to the clinical data.

4.2.4 Urine examination (I)
Timed overnight urine was collected in the ward. The subjects voided in the evening just
before going to bed in order to empty the bladder, and the urine collected during the next
eight to ten hours was analysed immediately in the morning.
Persistent microalbuminuria was defined as urinary AER between 20–200 µg/min in at
least two successive urine samples. Normoalbuminuria was defined as an AER < 20
µg/min. A separate urine sample was taken to exclude urinary tract infection and
haematuria. The subjects were asked to avoid vigorous exercise during the day before the
examination in order to avoid false positive albuminuria. If a girl had menses at the time,
urine was collected later at home.
Altogether 76 patients (40 boys, 36 girls) who were initially normoalbuminuric
subsequently collected one or two timed overnight urine samples at home; 29 of them
within 6 months before or after the investigation proper, 44 patients between 6 months
and 1.5 years after the initial urine sample, and three patients 1.5–2.5 years afterwards.
All these patients remained normoalbuminuric. One urine sample was collected from
each healthy control subject. The AER reading obtained in the examination itself was
used in the statistical analyses.

4.2.5 Electroneurography and vibration perception threshold (III)
Surface skin electrodes were used to measure the compound muscle action potential
(CMAP) and sensory nerve action potential (SNAP). The skin temperature was measured,
and the extremities were warmed with warm water, a heating gel-bag or a hot-air fan if
necessary, in order to keep the skin temperature at 32 ˚C. The previously described
criterion of two or more nerve conduction tests below the 1st or above the 99th percentile
of the control values (46,170) was used for peripheral polyneuropathy in diabetes. The
CMAP and SNAP variables reflect the functioning of the distal parts of the peripheral
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nerves, whereas the H-reflex latency difference (see below) reflects the functioning of the
peripheral nerve proximally (tibial nerve).
Motor nerve conduction. The CMAP of the right median nerve was obtained on the
abductor pollicis brevis muscle. The nerve was stimulated supramaximally at the wrist 65
mm above the recording electrode and at the elbow. The peroneal nerve CMAP was
recorded on both sides of the extensor digitorum brevis muscle after supramaximal
stimulation at the ankle 75 mm above the recording electrode and at the popliteal fossa.
The distal latency was measured from the onset of the stimulus to the initial negative
deflection.
Sensory nerve conduction. SNAP of the median nerve was measured by the antidromic
technique with ring electrodes placed 2.5 cm apart on the index finger. The sural SNAP
was recorded behind the lateral malleolus, with stimulation applied 14 cm proximal to the
recording electrode.
H-reflex. The H-reflex is an oligosynaptic reflex and it represents the afferent nerve
impulses in the sensory fibres extending from the muscle spindles and the efferent nerve
impulses in the alpha-motor axons. H-reflex includes the reflex arch of the sensory dorsal
root, spinal cord, and motor ventral root, and H-reflex latency difference (total H-reflex
latency minus latency from the popliteal fossa to the soleus muscle) reflects the function
of the proximal part of the tibial nerve. The H-reflex was measured on the soleus muscle
by stimulating the tibial nerve at the popliteal fossa for 0.5 ms at slow stimulus frequency.
F-wave. The F-wave of the peroneal nerve was obtained by supramaximal stimulation
at the popliteal fossa. The shortest F-wave latency out of 16 responses was selected.
Vibration perception threshold. Two consecutive recordings of VPT at 63, 125, 250,
and 500 Hz were performed on the second metacarpal and first metatarsal bones
bilaterally with a Vibrometry system 9589 (171). VPT was recorded by pressing a button
and holding it down until the sense of vibration disappeared. The perception graph was
recorded as a vibrogram (dB, 10-6 m/s2). The mean of two consecutive recordings was
taken as the VPT. The room temperature was stable at 22 ˚C. Skin temperature was
recorded, and the extremities were warmed up when necessary.

4.2.6 Cardiovascular tests and heart rate variability (IV)
Cardiovascular reflex tests were performed under standardized conditions in a warm
(22°C), silent room at the same time of the day for all subjects (6.30 p.m.) after an
identical diurnal schedule, including dinner (and short-acting insulin for the patients) 2 to
3 hours before the test. The author performed all the tests according to the same protocol.
The subjects were asked not to smoke or consume drinks containing caffeine before the
tests.
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The cardiovascular reflex tests were performed after 30 min of supine rest. The
electrocardiogram and nasal thermistor signals were recorded using a 14–channel
electroencephalograph (Neurofax, Japan), with a 12-bit A/D converter having a sampling
frequency of 320 Hz. The data was stored in a computer, for analysis after visual on-line
and off-line checking of the electrocardiogram and breathing signal (172).

4.2.6.1 Time domain analysis and blood pressure change
The following time domain heart rate and blood pressure parameters were analysed:
1) Standard deviation of all R-R intervals.
2) The square root of the mean squared differences between successive R-R intervals
during normal breathing for 10 min at rest.
3) Paced respiration of six deep but not maximal breaths (5 sec in, 5 sec out) for 1
min during deep breathing tests performed twice at a 3 min interval. The longest
and shortest R-R intervals in the six breathing cycles were selected for calculation
of the max/min ratio, and the highest median of the max/min ratio was taken as
the individual test result.
4) After another 15 min of supine rest, the subjects rose quickly. The longest R-R
interval around beat 30 (20-40) divided by the shortest R-R interval around beat
15 (10-20) after changing from supine to standing position was taken as the 30:15
ratio.
5) The blood pressure response to standing up from a lying position was quantified
in terms of the changes in systolic and diastolic blood pressure (Korotkoff first
and fifth phase, respectively), as measured with a standard sphygmomanometer at
1, 3, 5, and 7 min of standing. The blood pressure responses to standing were
calculated as the differences between the measurements at 1, 3, 5 and 7 min
during standing and 3 min before standing.
The heart rate and blood pressure recordings for the subjects who had to sit down during
the 7 min of standing were included in the analysis only for the period before sitting.

4.2.6.2 Power spectral analysis and fractal dimension
Power spectral analysis of the R-R series of HRV was performed using direct Fourier
transformation (68,173). R-R intervals at rest and while standing were converted to a
smoothed instantaneous R-R time series at 4 Hz after manual editing of ectopic beats, and
exact Hanning windowing (cos2) was applied before direct Fourier transformation. Total
power and the VLF (< 0.04 Hz), LF (around 0.04 – 0.15 Hz) and HF (around 0.15 – 0.4
Hz) components were identified for each subject visually from the Fourier series. The HF
band was selected manually according to the calculated actual respiration frequency
spectrum.
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Both absolute and normalized power spectra were calculated, together with the LF: HF
-ratio. The normalized units represent the relative value of each power component in
proportion to the total power minus the VLF component, e.g. normalized LF = LF /(total
power – VLF) (66).
The fractal dimension, which describes the random behaviour of the R-R interval
dynamics (174), was computed by the Mandelbrot-ε-blanket method.
The data files were analysed by a neurophysiologist who was not aware of the disease
status of the subjects.

4.2.7 Laboratory methods
Urinary albumin. The urine samples were analysed immediately, without freezing.
Urinary albumin concentrations were measured with an immunoturbidimetric analyser
(Orion Diagnostica, Espoo, Finland) having a sensitivity of 5 mg/l and an interassay
coefficient of variation (CV) of 6% at a concentration of 35 mg/l and of 5% at 100 mg/l.
Serum lipids. Serum total and HDL cholesterol and triglycerides (mmol/l) were
analysed by standard laboratory methods, and LDL cholesterol levels were calculated
with Friedewalds formula.
Blood glucose. Fasting blood glucose concentration (mmol/l) was measured for the
patients with a bedside glucometer.
Glycated haemoglobin. Glycated haemoglobin (HbA1c, %) was measured by highpressure liquid chromatography, the non-diabetic range being 4.0-6.0 %. Current HbA1c
was determined, and the mean of all HbA1c values analysed at regular clinical visits over
the preceding 2 years (2-3 measurements) was calculated and taken as the long -term
HbA1c.
Serum free insulin. Serum free insulin concentrations (mU/l) were quantified with an
enzyme-linked immunosorbent assay (DAKO Diagnostics Ltd, Ely, Cambridgeshire, UK)
after pretreatment of the sample with polyethylene glycol to precipitate insulin-insulin
antibody complexes (175). The sensitivity of the assay was 0.5 mU/l and the intra-assay
and inter-assay CV was less than 7.5% and 9.3%, respectively.
Insulin antibodies. Insulin antibodies (IA) were analysed with a modified radiobinding micro-assay (176). The cut-off limit for antibody positivity was set at the 99th
percentile in 371 non-diabetic Finnish subjects (1.56 relative units, RU). The intra-assay
CV for a positive control sample with a medium antibody level was 7% and the interassay CV less than 9%.
Serum IGFBP-1. Serum IGFBP-1 concentrations (µg/l) were measured with an
immunoenzymometric assay (PP12 IEMA test, Medix Biochemica Oy, Kauniainen,
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Finland) having a sensitivity of 0.4 µg/l (177). The intra-assay CV was 2.5 % at a serum
concentration of 5.5 µg/l and the inter-assay CV 6.4 % at a serum concentration of 4.8
µg/l.
Serum leptin. Serum leptin concentrations (µg/l) were quantified with a specific
radioimmunoassay for human leptin (Linco Research Inc., St Charles, MO, USA). Intraassay and inter-assay CV was less than 5 % and 6 %, respectively, at serum
concentrations of 7–30 µg/l (178).

4.2.8 Statistical analysis
Continuous variables were expressed as means (SD) or medians (range), and proportions
as percentages (I-IV). Cross-tabulation and chi-square statistics or the Fisher test were
used when analysing distributions (I, IV). Variables with skewed distribution, e.g. AER,
triglycerides, spectral powers of HRV and serial blood pressure measurements were logtransformed before statistical testing (I, IV). Differences between the groups were first
assessed by analysis of variance and then tested with the unpaired Student´s t-test with
Bonferroni correction when normally distributed. Some variables with a skewed
distribution were tested with the Mann-Whitney U test.
The variables of nerve conduction studies were adjusted for the mean height and for
the skin temperature (32˚C) (III), whereas the cardiovascular test results were adjusted for
the mean R-R interval (III) or for R-R interval and body mass index (IV), and the
differences between the means were assessed with analysis of covariance. 95% CI was
calculated for the differences between two means (I-IV). Linear trends in variables with
with pubertal maturation were evaluated with one-way analysis of variance (IV), while
two-way analysis of variance was performed to reveal any interaction of puberty and
diabetes with the variables (III, IV). The serial blood pressure measurements were logtransformed, adjusted for body mass index (IV) and analysed with an analysis of variance
for repeated measurements.
Pearson correlation coefficients were calculated in order to analyse simple correlations
between variables (II, III). Linear regression analysis was used for assessing correlations,
and a stepwise multiple regression analysis was employed to assess the independent
associations of the variables with the test parameters (I, III, IV). A p value < 0.05 was
considered statistically significant. The analyses were performed with SPSS 8.0 (I), 9.0
(III) or 10.1 (II, IV) (SPSS Inc., Chicago, IL, USA).

5 Results
5.1 Retinopathy (I)
Diabetic retinopathy was detected in 2 patients (2%) in the present series. One boy
(Tanner pubertal stage II, duration of diabetes 3.7 years, current HbA1c 6.5 %) had three
microaneurysms in the left eye, while one girl (pubertal stage III, disease duration 6.0
years, current HbA1c of 7.0 %) had two hard exudates in the left eye. Neither of these
patients had any signs of other microvascular complications.

5.2 Urinary albumin excretion rate during puberty (I)
The mean AER increased towards postpuberty in the patients and in the control boys,
while the mean AER for the patients was significantly higher than that for the controls
(Table 6). None of the patients or controls had urinary tract infection at the time of
examination, but one boy and one girl, both postpubertal at the time of the study, had
experienced persistent microalbuminuria within the previous year, having reverted to
normoalbuminuria before recruitment.
Stepwise multiple regression analysis including duration of diabetes, long-term
HbA1c, systolic and diastolic blood pressure and pubertal stage as independent variables
showed long-term HbA1c in the girls with diabetes (p = 0.002) and pubertal stage in the
boys (p = 0.013) to be independently associated with urine AER.
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5.2.1 Persistent microalbuminuria
None of the one hundred patients had overt nephropathy. The prevalence of persistent
microalbuminuria was 6 % (5 / 81). Five patients had persistent microalbuminuria, and all
these were girls, one prepubertal (T I), one at late puberty (T IV), and three postpubertal
(T V). The mean AER of these patients was 62.5 µg/min (range 24.0–159.0), and they had
significantly higher mean long term and current HbA1c than the normoalbuminuric girls
with type 1 diabetes, but they did not differ significantly from the others in their mean
duration of diabetes, mean age at presentation of type 1 diabetes, chronological age, daily
insulin dose or blood pressure (Table 7). A positive family history of hypertension in
parents or grandparents was found in one of the five patients with microalbuminuria
(20%), 17% of those with normoalbuminuria (16/95) and in 13% of the controls (13/100)
(p = 0.57).
Table 6. Urinary albumin excretion rate (AER, µg/min) during puberty in adolescents
with type 1 diabetes and healthy control subjects.
Subjects

Tanner pubertal stages
T III
T IV

TI

T II

TV

All

Patients

3.5 (2.3)

4.6 (1.6)

3.5 (1.6)

Controls

3.2 (2.3)

3.2 (1.9)

5.2 (1.7)

5.9 (1.8)

6.6 (1.7)

4.8 (2.0)

4.1 (1.9)

5.5 (1.6)

4.3 (1.9)

Patients

8.3 (2.5)

7.3 (1.8)

5.1 (1.5)

6.5 (2.4)

23.2 (3.6)

10.3 (2.5)

Controls

3.4 (1.8)

3.5 (1.8)

8.2 (1.6)

3.6 (1.5)

3.8 (1.8)

4.1 (1.8)

Patients

5.5 (2.4)

5.3 (1.7)

4.7 (1.6)

6.3 (2.2)

16.2 (2.6)

7.6 (2.3)

Controls

3.3 (2.0)

3.3 (1.8)

6.3 (1.7)

3.7 (1.6)

4.5 (1.8)

4.2 (1.8)

Boys

Girls
1

All
2

1

Data are means (SD). 95% CI 1.0 , 2.0 of the difference between the means, p = 0.009 compared with the
2

control girls 95% CI 1.1 , 1.6, p = 0.008 compared with the controls (data from paper I).

5.3 Blood pressure (I)
Diastolic blood pressure was higher in the patients than in the controls: 63 (SD 8) mmHg
vs. 58 (SD 7) mmHg (95% CI 2.6 , 6.9, p < 0.001). The girls with type 1 diabetes had
significantly higher diastolic blood pressure than the control girls 64 (SD 9) mmHg vs. 59
(SD 7) mmHg (95% CI 2.3 , 8.5, p = 0.001), and a similar difference was also observed
in the boys 62 (SD 9) mmHg vs. 57 (SD 7) mmHg (95% CI 1.0 , 7.2, p = 0.01). Systolic
blood pressure did not differ between the patients and controls either on the total series or
within the girls and boys separately (data not shown).
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Table 7. Characteristics of the girls with type 1 diabetes with or without
microalbuminuria, and the control girls.
Girls with
microalbuminuria

Variable

Girls with
normoalbuminuria

Control
girls

N

5
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Age (years)

14.6 (2.9)

13.6 (2.1)

13.6 (2.2)

Age at presentation with diabetes (years)

8.1 (2.0–10.9)

7.0 (0.2–12.6)

.

Relative weight for height (%)

112 (13)

109 (10)

105 (12)

Relative height for age (SDS)

-0.02 (0.6)

+0.16 (1.0)

-0.08 (0.8)

Body mass index (kg/m2)

21.5 (3.6)

20.4 (2.5)

19.4 (2.6)

Current HbA1c (%)

10.8 (1.6)

8.5 (1.6)

4.4 (0.3)

Long -term HbA1c (%)

10.7 (1.7)

8.5 (1.3)

.

Duration of diabetes (years)

7.1 (3.9–15.6)

6.4 (2.1–14.5)

.

1
2

Daily insulin dose (IU/kg/d)

1.06 (0.6–1.2)

0.90 (0.5–1.4)

.

Systolic blood pressure (mmHg)

114 (7)

114 (10)

112 (9)

3

65 (10)

3

64 (9)

Diastolic blood pressure (mmHg)

59 (7)

1

2

Data are means (SD) or median (range). 95% CI 0.8 , 3.8 of the difference between the means, p = 0.007 95%
3

CI 0.9 , 3.4, p = 0.003 vs. normoalbuminuric girls with type 1 diabetes 95% CI 2.3 , 8.5, p = 0.001 all the girls
with diabetes vs. the control girls (data from paper I).

5.4 Serum lipid profile and glycaemic control (I)
Serum total cholesterol, LDL cholesterol and triglyceride concentrations were higher in
the girls with diabetes than in the control girls, but no difference in HDL cholesterol
levels was observed (Table 8). The HbA1c levels at various pubertal stages are shown in
Table 9.
Table 8. Serum total cholesterol, low-density lipoprotein (LDL) and high-density
lipoprotein (HDL) cholesterol (mmol/l) and triglyceride concentrations (mmol/l) in the
patients with type 1 diabetes and the control subjects.
Subjects

Total

Serum cholesterol
LDL

HDL

Triglycerides

Boys with diabetes

4.1 (0.7)

2.3 (0.5)

1.5 (0.4)

0.87 (0.36)

Control boys

4.1 (0.8)

2.2 (0.6)

1.4 (0.4)

0.91 (0.54)

Girls with diabetes

4.8 (1.0)

2.7 (0.8)

1.5 (0.3)

1.24 (0.80)

2.3 (0.7)

1.4 (0.3)

0.84 (0.29)

1

Control girls

2

4.2 (0.7)
1

2

3

3

Data are means (SD). 95% CI 0.3 , 1.0, p < 0.001 95% CI 0.1 , 0.7, p = 0.004 95% CI 0.16 , 0.63, p = 0.002
compared with the control girls (data from paper I and unpublished data).

46

Table 9. Median (range) glycated haemoglobin A1c (HbA1c, %) in the patients and the
control subjects.
HbA1c (%)

Patients

Control subjects

HbA1c measured in the ward

8.5 (5.4 – 13.0)

4.4 (3.8 – 5.4)

Long -term HbA1c

8.3 (5.6 – 12.3)

.

Non-participants
8.1 (5.6 – 12.1)

Long -term HbA1c at pubertal stages
TI

8.1 (5.4 – 9.8)

.

-

T II

8.2 (5.9 – 10.8)

.

-

T III

8.8 (7.1 – 10.5)

.

-

T IV

8.6 (6.0 – 12.3)

.

-

TV

8.8 (6.9 – 12.3)

.

-

5.5 Metabolic characteristics (II)

5.5.1 Serum free insulin and IGFBP-1 concentrations

Free insulin (mU/L)

A

20
18
16
14

B1

B2

p =0.024 p =0.975
-4.1 ; -1.1 -2.0 ; 2.0

B3

B4

p =0.832
-2.3 ; 2.0

p =0.058
-1.8 ; 1.0

B5
p =0.021
-2.5 ; -1.1

12
10
8
6

B

20

Free insulin (mU/L)

Serum free insulin. The serum free insulin concentrations were significantly lower in the
patients than in the controls: 4.7 (SD 2.3) mU/l vs. 6.5 (SD 3.1) mU/l (95% CI -1.8 , -1.3,
p < 0.001), and this was also true separately for the boys, 3.9 (SD 2.2) mU/l vs. 6.3 (SD
3.0) mU/l (95% CI -2.1 , -1.2, p < 0.001) and girls, 4.6 (SD 2.3) mU/l vs. 6.7 (SD 3.2)
mU/l (95% CI -1.8 , -1.2, p < 0.001), both before and after puberty (Figure 4).
18
16
14

7

9

5

16

15

11

17

G5
p =0.005
-3.3 ; -1.3

6

2

4

G4
p =0.092
-2.1 ; 1.1

8

4

7

G3
p =0.968
-2.0 ; 2.0

10

2
11

G2

12

4

0
N=

G1

p =0.010 p =0.764
-4.1 ; -1.2 -2.5 ; 2.0

0
N=

15

8

11

10

4

8

11

11

8

12

Fig. 4. Serum free insulin concentrations (mU/L) in relation to pubertal maturation in girls
(A) and boys (B). B (breast stage in girls) and G (genital maturation in boys) represent
pubertal maturation according to Tanner pubertal staging. Striped boxes, patients; open
boxes, control subjects. Each box plot represents the median and the 25th and 50th centiles,
and the whiskers represent the lowest and the highest values. The 95% CI of the difference
between the means is shown under the p-value. Student´s t-test.
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Serum IGFBP-1. Serum IGFBP-1 concentrations were significantly higher in the
patients than in the controls; 16.5 (10.6) µg/l vs. 4.0 (SD 3.3) µg/l (95% CI 3.6 , 5.6, p <
0.001), and remained high in the patients throughout pubertal maturation (Figure 5).
50

B1

B2

B3

B

B5
***

**

40

IGFBP-1 (µg/L)

B4

**
30

***

20

**

*
*

10

0
N=

7

4

7

**
9

5

50

G1
40

***

16

15

***
11

17

G2

G3

G4

G5

**

***

***

*

30

20

*
10

***
11

IGFBP-1 (µg/L)

A

0
N=

***
15

8

***

**
11

10

4

8

11

11

***
8

12

Fig. 5. Serum IGFBP-1 (µg/L) concentrations in relation to pubertal maturation in girls (A)
and boys (B). Striped boxes, patients; open boxes, control subjects. (A); * 95% CI –1.5 ; 3.4, p
= 0.269, ** p < 0.01, *** p < 0.001, (B); * 95% CI 1.0 ; 5.3, p = 0.044, ** p < 0.01, *** p <
0.001. Student´s t-test. B1-5; breast stages, G1-5; genital stages.

Serum insulin antibodies. The median IA level was 96 RU in the boys (mean 187 RU;
range 1.0 – 1031 RU) and 108 RU in the girls (mean 200 RU; range 1.0 – 1941 RU).
Twelve boys (26%) and 13 girls (25%) had a high IA level (> 200 RU) and the proportion
of those with high IA levels was comparable among the prepubertal (27%), pubertal
(24%) and postpubertal (26%) patients.

5.5.2 Body composition and serum leptin levels (I, II)
Body mass index and total body fat. Total body fat was significantly higher in the girls
with diabetes than in the control girls by the end of puberty (Table 10), as also was the
body mass index, 20.5 (SD 2.6) kg/m2 versus 19.4 (SD 2.6) kg/m2, (95% CI 0.1 , 2.1, p =
0.04).
Waist to hip -ratio. The girls with diabetes had a higher waist to hip –ratio than the
female controls; 0.80 (0.05) and 0.78 (0.04) (95% CI 0.004 , 0.04, p = 0.015), but no
differences were observed among the boys (unpublished data).
Serum leptin. Serum leptin levels did not differ significantly between the patients and
controls in total, although they were higher in the girls than in the boys both among the
patients, girls 14.5 (SD 6.0) µg/l and boys 7.0 (SD 4.3) µg/l (95% CI 1.8 , 2.8, p < 0.001)
and among the control subjects, girls 12.8 (SD 5.7) µg/l and boys 6.3 (SD 5.3) µg/l (95%
CI 1.9 , 3.1, p < 0.001). Serum leptin concentrations increased with pubertal maturation
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in the girls with diabetes and in the control girls, but decreased in the boys with diabetes
and the control boys.
Table 10. Body mass index (kg/m2) (unpublished data) and total body fat (%) in the
patients with type 1 diabetes and the control subjects at Tanner pubertal stages.
TI

T II

T III

T IV

TV

Patients

18.7 (1.9)

19.3 (1.7)

18.4 (0.8)

20.2 (1.6)

20.5 (1.7)

Control subjects

18.0 (2.2)

17.2 (1.2)

20.2 (2.5)

19.4 (1.8)

19.9 (2.0)

Patients

17.7 (2.1)

18.3 (1.3)

21.0 (1.1)

21.3 (2.1)

22.5 (2.3)

Control subjects

18.1 (3.1)

17.5 (2.6)

17.0 (1.2)

21.3 (1.7)

19.9 (2.0)

Patients

17.7 (3.3)

17.1 (5.1)

16.0 (2.9)

12.1 (3.5)

11.6 (4.3)

Control subjects

18.1 (5.3)

15.7 (2.1)

18.5 (6.0)

13.1 (3.3)

11.1 (3.6)

21.0 (3.1)

20.5 (2.6)

22.3 (3.8)

23.4 (3.8)

24.5 (3.9)

21.0 (4.2)

20.5 (4.7)

19.6 (2.1)

22.1 (1.9)

21.1 (2.4)

Body mass index
Boys

Girls
1

Total body fat
Boys

Girls
Patients
Control subjects

2

Data are means (SD). 95% CI 0.9 , 4.3 of the difference between the means, p = 0.004 95% CI 1.0 , 5.8, p =
1

2

0.008 compared with the control girls at pubertal stage T V (data from paper II; total body fat).

5.6 Peripheral nervous system function (III)
Distal diabetic polyneuropathy. Diabetic distal polyneuropathy was detected
neurophysiologically in ten patients (5 boys / 5 girls): one prepubertal, three pubertal and
six postpubertal. Seven of these (3 boys / 4 girls) had symmetrically reduced peroneal
nerve conduction velocity, including three patients with persistent numbness of the legs
or symmetric loss of deep tendon reflexes in the lower extremities. The patients with
neuropathy had significantly higher HbA1c than those without 9.9 (SD 1.8) % vs. 8.3
(SD 1.2) %, (95% CI 0.8 , 2.5, p < 0.001) and a longer duration of diabetes 10.8 (SD 3.2)
years vs. 6.6 (SD 3.3) years (95% CI 2.0 , 6.4, p < 0.001).
Compound motor nerve action potential. The peroneal and median motor nerve
conduction velocities were significantly lower in the patients than in the controls in total
(Table 11), the former decreasing symmetrically in the patients compared with the control
subjects as pubertal maturation progressed (Figure 6), but not the latter (data not shown).
A significant interaction of diabetes and stage of puberty with peroneal nerve conduction
velocity was observed (p < 0.05).
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Right peroneal NCV (m/s)

65
3.5 (1.3 – 5.3)
p = 0.003

2.0 (0.1 – 3.7)
p = 0.04

3.1 ( 1.4 – 4.8)
p = 0.0007

5.5 (3.8 – 7.3)
p = 0.0001
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33
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Tanner pubertal stages

19

TV
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Fig. 6. Box plots of the right peroneal nerve conduction velocity (NCV, m/s) in the patients
(striped boxes) and control subjects. T I, T II + III, T IV and T V are the Tanner pubertal
stages. The mean difference of the NCV between the patients and controls (95 % CI) and the
p values are shown above the box plots. N; number of the patients at various pubertal stages.

Correlations. A multiple regression model with peroneal nerve conduction velocity as
the dependent variable and pubertal stage, duration of diabetes, long-term HbA1c, sex
and age at presentation of diabetes as independent variables showed long term HbA1c (p
= 0.03) and duration of diabetes (p = 0.013) to be independently associated with peroneal
nerve conduction velocity (adjusted R2 = 0.13).
Sensory nerve action potential. The sensory nerve conduction velocity and SNAP
amplitude were impaired in the patients as compared with the controls (Table 11). The
sural amplitude was 26.0 (SD 1.1) µV in the postpubertal patients, which was
significantly lower than in the postpubertal controls, 32.2 (SD 1.4) µV (95% CI 2.6 , 10.2,
p < 0.001, right sural nerve). The median SNAP amplitude did not differ between the
patients and controls in postpuberty (p = 0.096).
H-reflex. The H-reflex latency difference in the patients, 28.3 (SD 0.2) ms, was
significantly longer than in the controls; 27.0 (SD 0.1) ms (95% CI 0.5 , 2.1, p = 0.002,
right tibial nerve), and this difference increased as puberty advanced (Table 12). A
significant interaction of diabetes and puberty with the H-reflex latency difference was
observed (p < 0.05).
F-wave. The F-wave was symmetrically prolonged in the patients as compared with
the controls: 38.1 (SD 0.4) ms versus 36.3 (SD 0.4) ms (95% CI 0.7 , 3.0, p = 0.002, right
peroneal nerve).
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Table 11. Nerve conduction velocity (m/s) and sensory nerve action potential (SNAP)
amplitude (µV) in the patients and the control subjects.
Median nerve

Sural SNAP

Peroneal nerve

Sural nerve

Motor

Sensory

amplitude

Patients

47.5 (3.1) 100

47.2 (3.7) 100

55.4 (3.8) 90

50.1 (4.9) 89

28.8 (1.1) 100

Controls

51.0 (3.0) 98

49.2 (3.6) 99

59.0 (3.5) 96

52.1 (3.5) 99

35.8 (1.5) 99

3.5 (2.7 , 4.4)

2.0 (0.9 , 3.0)

3.6 (2.6 , 4.7)

2.0 (0.8 , 3.3)

7.0 (3.5 , 10.6)

< 0.0001

0.0004

< 0.0001

Difference
(95% CI)
p value

0.002

0.0001

Data are means (SD). The results on the right side are shown. Numbers of the subjects at various pubertal stages
are shown after nerve conduction velocity results.

Table 12. H-reflex latency difference (ms) at Tanner pubertal stages.
TI

T II + T III

T IV

TV

Patients

21.3 (0.2)

23.0 (0.3)

25.6 (0.4)

26.4 (0.5)

Controls

21.4 (0.4)

22.3 (0.2)

24.1 (0.3)

24.7 (0.3)

Difference (95% CI)

-0.1 (-0.9, 0.7)

0.7 (0.05 , 1.5)

1.5 (0.4 , 2.5)

1.7 (0.7 , 2.7)

p value

0.76

0.037

0.006

0.0012

Patients

21.5 (0.2)

23.0 (0.4)

25.9 (0.5)

26.6 (0.5)

Controls

21.6 (0.4)

22.0 (0.3)

24.0 (0.3)

24.7 (0.3)

Difference (95% CI)

-0.1 (-0.9 , 0.8)

1.0 (0.1 , 1.9)

1.9 (0.6 , 3.1)

1.9 (0.8 , 3.0)

p value

0.88

0.032

0.0041

0.0009

Right tibial nerve

Left tibial nerve

Data are means (SD). The H-reflex latency difference (total H-reflex latency minus latency from the
popliteal fossa to the soleus muscle) reflects the sensory function of the proximal part of the tibial nerve
(data from paper III).

Vibration perception threshold. There was a slight tendency for an increase in VPT
with puberty in the patients, and a significant difference was observed relative to the
controls after puberty at 250 Hz in the left leg (p < 0.05) (data not shown).
Symptoms or signs of peripheral neuropathy. None of the patients had any loss of the
sense of light touch, pain or tactile sense. The questionnaire on symptoms of peripheral
neuropathy was completed by 76 patients and 71 controls. In addition to the three patients
with symptoms or signs of neuropathy, nine patients without diabetic distal
polyneuropathy had peripheral neurological symptoms (tingling or numbness). All the 24
patients who did not complete the questionnaire had a normal sense of vibration, while
two (with diabetic polyneuropathy) had an absence of joint reflexes in the lower
extremities. Five of these 24 patients had diabetic polyneuropathy neurophysiologically,
but they reported no symptoms when asked afterwards. One control girl had occasional
numbness of the soles of the feet, but she had no signs of neuropathy and her nerve
conduction tests were normal.
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5.7 Autonomic nervous system function (IV)

5.7.1 Cardiovascular reflex tests
No differences in the time domain variables were observed between the patients and
controls in the total series or at any of the pubertal stages. Seven patients, i.e. six without
diabetic polyneuropathy and one with, and four control subjects had one cardiovascular
reflex test under the 5th percentile for the control values, but none of the patients had
more than one abnormal test. Altogether 77 patients and 71 controls answered the
questionnaire on recurrent diarrhoea, bladder dysfunction or dizziness upon standing up
at the beginning of this investigation, whereas no data were available on the subjects´
regular physical activity or hypoglycaemic episodes. Twenty patients and 28 of the
controls reported dizziness upon standing up (p = 0.08, chi-square test), but none of the
patients or controls had any other symptoms or signs of ANS dysfunction.
Blood pressure change during standing. The systolic blood pressure change during 7
min of standing did not differ between the patients and controls, or between the patients
with and without distal polyneuropathy. The mean diastolic blood pressure change did not
differ between the patients and controls 17.5 (SD 7) mmHg vs. 17.5 (SD 6) mmHg in the
total series or at any of the Tanner pubertal stages considered separately (data not shown).
One control subject fainted after two minutes of standing, whereas ten subjects had to
sit down during the 7 min period of standing (six controls and four patients). Systolic
blood pressure decreased by 20 mmHg or more in another three controls and in one
patient without any symptoms (unpublished data).

5.7.2 Time and frequency domain analysis of heart rate variability
No differences in the time domain variables were observed between the patients and
controls in the total series or at any of the pubertal stages. The mean R-R interval
increased along pubertal maturation both in the patients and in the controls: a significant
linear trend in the mean R-R interval lengthening was observed in the patients (F = 4.5, p
= 0.037) and in the controls (F = 10.1, p = 0.002). No linear trend along puberty or
differences between patients and controls were observed within the pubertal stages in
other time domain variables of HRV (data no shown).
Supine. There were no differences between the patients and controls in the total series
in any of the frequencies in the power spectrum analysis of HRV in the supine position
(Table 13). All the frequency bands of the power spectra, adjusted for body mass index
and R-R, decreased with pubertal maturation in both the patients and the controls. A
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linear decrease in LF power with puberty was observed both in the patients (F = 9.8, p =
0.002) and in the controls (F = 5.6, p = 0.02).
The LF: HF ratio did not differ significantly between the patients and controls (Table
13), neither did the fractal dimension of resting HRV differ between the groups, being
1.92 (SD 0.02) and 1.89 (SD 0.01) in the patients and controls, respectively (95% CI 0.004 , 0.07, p = 0.08).
Standing. The VLF power of HRV was significantly lower in the patients, while the
other frequencies were comparable between the patients and control subjects in the total
series (Table 13). No significant difference in any of the spectral powers was observed
between the patients and control subjects within the pubertal stages (data not shown),
while there was a linear decrease in HF power with advancing puberty in the control
subjects (F = 5.8, p = 0.018) but not in the patients (p = 0.73).
Supine to standing. The changes in absolute VLF and LF spectral powers of HRV were
significantly lower in the patients (Table 13). However, the changes in the LF or HF
bands within the pubertal stages did not differ between the patients and the control
subjects (Figure 7).

Change in LF power (ms2)

1000

800

600

400

200

0

p = 0.20
–538 , 118

TI

p = 0.48
–119 , 249

p = 0.14
–323 , 49

p = 0.12
-360 , 42

T II+III

T IV

TV

Fig. 7. Power spectra (direct Fourier transformation) of the heart rate variability according
to pubertal maturation adjusted for the mean R-R and body mass index (kg/m2): change in
low frequency (LF) power of HRV between the supine and standing position in patients with
type 1 diabetes (square) and control subjects. TI, T II, T III, T IV and T V are the Tanner
pubertal stages.
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The change in the LF: HF -ratio or changes in the normalised data did not differ
between the patients and control subjects (data not shown).
The power spectrum analysis of HRV in the patients with distal polyneuropathy did
not differ from that of the other patients when standing or upon changing from a supine to
a standing position.
Table 13. Frequency domain analysis of heart rate variability in a 10 min resting state
and 7 min of standing, and the supine to standing difference analysed by direct Fourier
transformation in the patients with type 1 diabetes and their control subjects.
Variable

Patients

Controls

Difference (95 % CI)

p

2

Supine (ms )
Total power

1556 (63)

1447 (50)

109 (-47 , 251)

ns

Very low frequency power

186 (7)

173 (7)

13 (-7 , 31)

ns

Low frequency power

512 (23)

455 (19)

57 (-0 , 108)

ns

High frequency power

654 (33)

617 (26)

37 (-46 , 111)

ns

Low frequency : High frequency -ratio

0.78 (0.03)

0.74 (0.03)

0.04 (-0.04 , 0.12)

ns

Total power

2204 (68)

2321 (52)

-117 (-293 , 47)

Very low frequency power

417 (14)

461 (13)

-44 (-85 , -6)

Low frequency power

939 (35)

990 (30)

-51 (-147 , 36)

ns

High frequency power

559 (28)

588 (20)

-29 (-101 , 36)

ns

Low frequency : High frequency -ratio

1.68 (0.08)

1.68 (0.06)

0 (-0.21 , 0.18)

ns

Very low frequency power

240 (17)

295 (15)

-55 (-98 , -12)

0.013

Low frequency power

430 (38)

540 (34)

-110 (-211 , -10)

0.031

High frequency power

-141 (36)

-53 (32)

-88 (-182 , 7)

0.068

Low frequency : High frequency -ratio

1.04 (0.09)

0.99 (0.06)

0.05 (-0.16 , 0.26)

2

Standing (ms )
ns
0.023

2

Change from supine to standing (ms )

2

Data are means (SD), adjusted for the mean R-R interval and body mass index (kg/m ).

ns

6 Discussion
6.1 Methodological aspects
The cohort comprised 72% of the patients with type 1 diabetes visiting the Outpatient
Paediatric Diabetes Clinic at Oulu University Hospital at the beginning of the period
concerned who fulfilled the inclusion criteria, and represents about 6% of all the children
and adolescents of this age with type 1 diabetes in Finland. The patients who refused
participation did not differ from those who took part in terms of age, glycaemic control or
duration of diabetes. Since all the children and adolescents diagnosed with type 1
diabetes within the district served by the hospital are treated at this clinic, the series is
representative of Finnish patients with type 1 diabetes within the defined age range. A
multicentre study would certainly have had the advantage of increasing the number of
subjects. In that case one problem might have been the recruitment and retention of
healthy control subjects, since only about every third of the potential subjects who were
asked to participate agreed to take part in the present cross-sectional study. A follow-up
study would have facilitated assessment of the tempo of development of microvascular
complications in adolescence.
The protocol included overnight hospitalisation in the ward and three time-consuming
assessments, i.e. an electroneurographic examination, a battery of four cardiovascular
reflex tests and determination of the VPT. This together with the young age of the patients
could have potentially resulted in withdrawals. However, special emphasis was laid on
informing the subjects thoroughly beforehand on the course of the examinations, and
their compliance was excellent, since none of the diabetic subjects dropped out and only
one control subject withdrew from the nerve conduction measurements. This may reflect
some selection of subjects in favour of those with high motivation, although there were
also a number of other reasons for refusing to participate as well as poor motivation.
There were some variations in the numbers of subjects with results available on
conduction studies in the peripheral nerves and on ANS function, but the greatest
variation was seen in the examinations for persistent microalbuminuria, the calculation of
the prevalence of which had to be based on 81 of the one hundred patients because the
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need for several consequtive overnight urine collections to be able to correctly detect true
microalbuminuria. Unfortunately, the importance of consecutive urine samples was not
emphasized to the normoalbuminuric patients after the study period. Therefore, the study
had some methodological limitations (Series I). Nevertheless, the regular follow-up visits
to the Outpatient Clinic could be used to confirm normoalbuminuria.
Pubertal staging was performed on all patients and controls before the study period.
Because the subjects were matched for age but not for the degree of pubertal maturation,
the ages of the patients and controls varied slightly within each pubertal stage. This
probably had less impact on the overall results, than the fact that the numbers of subjects
within the pubertal stages were rather small, particularly when the boys and girls were
analysed separately. The present study was based on pubertal staging, which was
however, one of the strengths of the study. The stage of pubertal maturation (152) has
seldom been taken into account in series that have studied retinopathy (156),
microalbuminuria (6,7,179), or peripheral nervous system and ANS functions
(103,111,180), even though observations based on systematic pubertal staging are known
to be more accurate than those based on age when assessing the relationship between
physiological maturation and the development of microvascular complications in
adolescence.

6.2 Microvascular complications and pubertal maturation

6.2.1 Retinopathy (I)
The two patients in the present series who had diabetic retinopathy were at mid-puberty
and had no other signs of microvascular complications, so that it was not possible to see
any association between retinopathy and pubertal maturation. This low prevalence of
retinopathy is inconsistent with many other reports on children and adolescents (Table 1)
and with the relatively high prevalence of retinopathy observed in young adults with type
1 diabetes (88,89). The finding is also surprising in the light of an earlier cross-sectional
study performed at the same clinic between the years 1989-1990, where retinopathy was
detected in 11% of the children and adolescents, mainly in the late pubertal and
postpubertal girls (158). Difference between the studies cannot solely be explained by
methodological factors. One explanation might be the change towards more intensified
insulin treatment, although two thirds of the children and adolescents with type 1 diabetes
in the previous series already had a treatment schedule of three or four daily insulin
injections (158).
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6.2.2 Persistent microalbuminuria and nephropathy (I)
About 6% of the patients in this study had persistent microalbuminuria. This finding is
largerly in line with earlier observations. Interestingly, it was the adolescent girls that
experienced persistent microalbuminuria and they were mostly pubertal or postpubertal,
as also shown in some earlier studies (95). Thus it seems that the girls with type 1
diabetes have a higher risk of an early elevation of their urinary AER during puberty
when compared with boys. This may be at least in part related to their earlier pubertal
onset, hormonal changes or maturation. This study further showed a direct association
between poor metabolic control and an elevated AER or persistent microalbuminuria, as
also has been observed in several other previous series (17,94,95). As a consequence of
the rather low prevalence of persistent microalbuminuria and the cross sectional nature of
the present study, and a rather limited number of patients in the various pubertal stages,
this study does not allow to assess the impact of puberty on persistent microalbuminuria
any further. However, other series have shown that pubertal maturation is associated with
an increase in microalbuminuria (7,95).
Although adult men with type 1 diabetes have a greater risk of diabetic nephropathy
than women (45), it is clear that the relationship between gender and increased urinary
AER or microalbuminuria is not straightforward (90,119). In this respect our finding of a
predominance of adolescent girls with microalbuminuria is intresting. It may be that the
microalbuminuria observed in the present series reflect a combination of structural and
functional changes that might be reversible after improved metabolic control.
Furthermore, it is known that young adult female patients with type 1 diabetes are known
to revert to normoalbuminuria more frequently than male patients as metabolic control
improves. On the other hand, male patients with poor metabolic control more often
experience progressive microalbuminuria (54).

6.2.3 Peripheral nervous system dysfunction (III)
Ten percent of the patients in the present series had neurophysiologically proven distal
diabetic polyneuropathy. Decreased distal motor nerve conduction velocity could already
be detected in the prepubertal subjects with type 1 diabetes, whereas proximal nerve
function was increasingly impaired after the onset of puberty, shown in increasing tibial
H-reflex latency difference. Moreover, the SNAP amplitude was significantly lower in
postpuberty than in prepuberty. These findings imply that mixed sensorimotor
neuropathy, which is the commonest form of diabetic polyneuropathy mainly occurs at
late puberty or after puberty in adolescents with type 1 diabetes.
Poor metabolic control is one of the most important prognostic factors for neuronal
dysfunction both in adolescence (181,182) and in adulthood (107,183), while duration of
diabetes may become increasingly important for the progression of nerve dysfunction
later in the course of diabetes. The duration of diabetes is related to peripheral nerve
dysfunction at least in young adult patients (107). In keeping with the previous findings
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the patients with distal diabetic polyneuropathy in the present series not only had higher
HbA1c than those without neuropathy but also a longer duration of diabetes.
Furthermore, progression with puberty was demonstrated. It is noteworthy that a large
number of variables, such as height, weight, age, pubertal stage and glycaemic control,
may be interrelated during adolescence, which further complicates the picture.
Although functional changes in the peripheral large myelinated nerve fibres were
already detectable before puberty, a slight decrease in VPT was observed only after
puberty both among patients and controls. We did not have any data on cold or warm
thresholds, which would have been useful for assessing the functioning of small nerve
fibres, as this has also been shown to deteriorate in adolescent patients with type 1
diabetes (106).

6.2.4 Autonomic nervous system dysfunction (IV)
There were no differences in the cardiovascular reflex test parameters or the time domain
variables of the R-R interval between the patients and the controls, whereas the dynamic
changes in the VLF and LF spectral powers of HRV were significantly lower in the
patients when standing. Signs of cardiovascular ANS dysfunction were also demonstrated
in the patients with distal polyneuropathy.
Glycaemic control was not associated with depressed HRV in the present series, while
poor metabolic control was inversely associated with peripheral nerve conduction. This
discrepancy may be related to the relatively slow deterioration of ANS function compared
with the peripheral nerves in adolescents and children with diabetes (106). The ANS may
also be more resistant to the physiological changes induced by diabetes. The
cardiovascular reflexes are functional measures of complex reactions at multiple sites
within the ANS, while the individual nerves in the peripheral nervous system can be
evaluated more easily. Thus it may be easier to standardize the examinations on the
function of peripheral nervous system than ANS. Moreover, the analyses are impeded by
the wide physiological range of HRV and by the possible interrelation between variables
such as metabolic control, duration of diabetes, age and puberty. The discrepancies
between the time domain and frequency domain parameters in the patients with distal
polyneuropathy may argue against any structural changes in the ANS. Although
deteriorations were observed in both the peripheral nervous system and ANS, the
question of whether the changes are functional, i.e. reversible, or structural and persistent
cannot be answered on the basis of the present protocol.

6.3 Hormonal and metabolic aspects and blood pressure (I, II)
The hormonal changes and rapid growth that take place during puberty usually have an
unfavourable effect on the metabolic balance in type 1 diabetes. Together with
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psychological changes and poor compliance, these events form a challenging equation in
the clinical care of adolescent patients with this disease.
The “dawn phenomenon”, i.e. increasing blood glucose levels towards the early
morning hours has been clearly documented previously in adolescent patients with type 1
diabetes (184). As in healthy subjects, the highest circulating IGFBP-1 concentrations are
seen during the night and morning, and these levels are associated with low insulin
concentrations (185). The serum IGFBP-1 concentrations in non-diabetic adolescents
decrease as puberty advances (14), but conversely, they may remain high in patients with
type 1 diabetes in spite of exogenous insulin administration (186), as also demonstrated
in the present series. Sustained growth hormone secretion has been implicated in the
development of insulin resistance, poor metabolic control and the dawn phenomenon.
Moreover, increased IGFBP-1 levels may reduce the local effects of IGF-I (13), and since
the latter plays an important role in the feedback regulation of growth hormone secretion,
a reduction in its effect could lead to increased secretion of growth hormone in pubertal
subjects with type 1 diabetes (8), thereby maintaining a vicious circle.
Variables reflecting body composition and the serum lipid profile were higher in the
girls with diabetes than in the control girls, and were even higher in the girls with poor
metabolic control. Since increased serum triglyceride concentrations and a high waist to
hip ratio were found in the EURODIAB Study to be risk factors for retinopathy (90) and
persistent microalbuminuria (187) we cannot rule out the possibility that the girls in this
particular study had a greater risk of microvascular complications.
The finding that the patients with type 1 diabetes had higher diastolic blood pressure
than the controls is important in the light of recent reports which have demonstrated that
diastolic blood pressure may be directly associated with early structural kidney changes
in adolescents and young adult patients with AER in the normal range (43,44,188).
Slightly increased systemic blood pressure may be a risk factor early in diabetes, but the
mechanisms of the relationship between early kidney lesions and blood pressure remain
to be defined, since persistently elevated AER has also been shown to precede any
increase in systemic blood pressure (97).

6.4 Clinical implications
Although an intensive insulin regimen can prevent microvascular complications, an effect
that can be seen even many years afterwards (69,100), one disadvantage may be an
increase in weight relative to height among late pubertal and postpubertal girls. In the
present series total body fat and the body mass index were higher in the girls with
diabetes than in the control girls after puberty, while no such difference was seen among
the boys. As overweight may lead to increased peripheral insulin resistance (189) and be
associated with microvascular and macrovascular complications, adolescent patients
should be advised on how to avoid weight gain, and this should especially apply to
adolescent girls who are making efforts to improve their metabolic control.
Peripheral insulin levels were lower in the patients than in healthy adolescents, the
lowest concentrations being observed in the prepubertal and postpubertal patients. This
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may be a consequence of increased insulin clearance, since the highest insulin clearance
rates are usually observed during early puberty and after puberty (189).
Although girls seem to have earlier signs of microvascular complications, presumably
due to earlier pubertal maturation, boys were also shown to have some signs of
subclinical neuropathy. It should therefore be emphasized that the differences between
the genders may be minimal. Boys should not be overlooked in early and mid-puberty,
since they are also prone to subclinical signs of peripheral nerve dysfunction, and
possibly a higher risk for nephropathy later in the adulthood (45). The risk factors may
also act differently in boys and girls during pubertal years (94).
Glycaemic control deteriorated during pubertal maturation, and there was a direct
association between poor metabolic control and persistent microalbuminuria, peripheral
nerve dysfunction and an unfavourable serum lipid profile in the present series.
Consequently, increasing efforts should be directed towards better metabolic control
during the late prepubertal years. The low serum free insulin and high IGFBP-1 levels
already detectable in prepubertal patients nevertheless stress the impact of early
interventions, and appropriate allowance should be made for the increasing insulin
requirements during early pubertal maturation.
Although the mean daily insulin doses in the present series were relatively low, the low
prevalence of microvascular complications suggests that glycaemic control was on
average satisfactory enough to delay their development. On the other hand cross-sectional
design does not allow speculations about what would have happened if the patients were
followed for a couple of years. The advantage obtained with more intensive insulin
therapy should outweigh the disadvantages resulting from the more frequent
hypoglycaemic episodes (18,100). The daily lives of adolescent patients with type 1
diabetes nevertheless include factors that are beyond the scope of this study but which
have a definite influence on therapeutic compliance and success during pubertal
maturation.

7 Conclusions
1.

Two percent of the adolescent patients in this series had retinopathy, as assessed by
fundus photograpy.

2.

The prevalence of persistent microalbuminuria was 6%, and all the affected patients
were girls. Young girls with type 1 diabetes and an adverse metabolic control
present a risk group for persistent microalbuminuria.

3.

Girls with type 1 diabetes had higher total body fat at the end of their pubertal
maturation than healthy control subjects, and they also had higher diastolic blood
pressure and serum total cholesterol, LDL -cholesterol and triglycerides.

4.

The prepubertal and postpubertal patients had lower free insulin levels and higher
IGFBP-1 levels than the healthy controls, implying portal hypoinsulinaemia.

5.

Adolescent patients with type 1 diabetes already demonstrated subclinical distal
distal motor nerve dysfunction before puberty and progressive proximal nerve
dysfunction during puberty. Mixed sensorimotor neuropathy was mainly observed in
late puberty or after puberty. Distal symmetric polyneuropathy was associated with
high long-term HbA1c and a long duration of diabetes.

6.

The patients with distal diabetic polyneuropathy had lower HRV during the deep
breathing than the other patients. There were no differences in the power spectrum
analysis of HRV between the patients with and without neuropathy.

7.

Adolescents with type 1 diabetes showed a blunted ANS reactivity, although
cardiovascular integrity was rather well preserved with advancing pubertal
maturation.

8 References
1.

2.

3.

4.

5.

6.

7.
8.
9.

10.

Brinchmann-Hansen O, Dahl-Jørgensen K, Sandvik L & Hanssen KF (1992) Blood glucose
concentrations and progression of diabetic retinopathy: the seven year results of the Oslo
study. BMJ 304: 19-22.
Diabetes Control and Complications Trial Research Group (1995) The relationship of
glycemic exposure (HbA1c) to the risk of development and progression of retinopathy in
the diabetes control and complications trial. Diabetes 44: 968-983.
Parving HH, Hommel E, Mathiesen E, Skott P, Edsberg B, Bahnsen M, Lauritzen M,
Hougaard P & Lauritzen E (1988) Prevalence of microalbuminuria, arterial hypertension,
retinopathy and neuropathy in patients with insulin dependent diabetes. Br Med J (Clin Res
Ed) 296: 156-160.
Onkamo P, Väänänen S, Karvonen M & Tuomilehto J (1999) Worldwide increase in
incidence of Type I diabetes--the analysis of the data on published incidence trends.
Diabetologia 42: 1395-1403.
Sochett E & Daneman D (1999) Early diabetes-related complications in children and
adolescents with type 1 diabetes. Implications for screening and intervention. Endocrinol
Metab Clin North Am 28: 865-882.
Janner M, Knill SE, Diem P, Zuppinger KA & Mullis PE (1994) Persistent
microalbuminuria in adolescents with type I (insulin- dependent) diabetes mellitus is
associated to early rather than late puberty. Results of a prospective longitudinal study. Eur
J Pediatr 153: 403-408.
Barkai L, Vamosi I & Lukacs K (1998) Enhanced progression of urinary albumin excretion
in IDDM during puberty. Diabetes Care 21: 1019-1023.
Dunger DB & Cheetham TD (1996) Growth hormone insulin-like growth factor I axis in
insulin-dependent diabetes mellitus. Horm Res 46: 2-6.
Saladin R, De Vos P, Guerre-Millo M, Leturque A, Girard J, Staels B & Auwerx J (1995)
Transient increase in obese gene expression after food intake or insulin administration.
Nature 377: 527-529.
Cook JS, Hoffman RP, Stene MA & Hansen JR (1993) Effects of maturational stage on
insulin sensitivity during puberty. J Clin Endocrinol Metab 77: 725-730.

62
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Amiel SA, Caprio S, Sherwin RS, Plewe G, Haymond MW & Tamborlane WV (1991)
Insulin resistance of puberty: a defect restricted to peripheral glucose metabolism. J Clin
Endocrinol Metab 72: 277-282.
Amiel SA, Sherwin RS, Hintz RL, Gertner JM, Press CM & Tamborlane WV (1984) Effect
of diabetes and its control on insulin-like growth factors in the young subject with type I
diabetes. Diabetes 33: 1175-1179.
Taylor AM, Dunger DB, Preece MA, Holly JM, Smith CP, Wass JA, Patel S & Tate VE
(1990) The growth hormone independent insulin-like growth factor-I binding protein BP-28
is associated with serum insulin-like growth factor-I inhibitory bioactivity in adolescent
insulin-dependent diabetics. Clin Endocrinol (Oxf) 32: 229-239.
Holly JM, Smith CP, Dunger DB, Edge JA, Biddlecombe RA, Williams AJ, Howell R,
Chard T, Savage MO & Rees LH (1989) Levels of the small insulin-like growth factorbinding protein are strongly related to those of insulin in prepubertal and pubertal children
but only weakly so after puberty. J Endocrinol 121: 383-387.
Batch JA, Baxter RC & Werther G (1991) Abnormal regulation of insulin-like growth
factor binding proteins in adolescents with insulin-dependent diabetes. J Clin Endocrinol
Metab 73: 964-968.
Berenson GS, Srinivasan SR, Cresanta JL, Foster TA & Webber LS (1981) Dynamic
changes of serum lipoproteins in children during adolescence and sexual maturation. Am J
Epidemiol 113: 157-170.
D'Antonio JA, Ellis D, Doft BH, Becker DJ, Drash AL, Kuller LH & Orchard TJ (1989)
Diabetes complications and glycemic control. The Pittsburgh Prospective InsulinDependent Diabetes Cohort Study Status Report after 5 yr of IDDM. Diabetes Care 12:
694-700.
Diabetes Control and Complications Trial Research Group (1994) Effect of intensive
diabetes treatment on the development and progression of long-term complications in
adolescents with insulin- dependent diabetes mellitus: Diabetes Control and Complications
Trial. J Pediatr 125: 177-188.
Kolaczynski JW, Nyce MR, Considine RV, Boden G, Nolan JJ, Henry R, Mudaliar SR,
Olefsky J & Caro JF (1996) Acute and chronic effects of insulin on leptin production in
humans: Studies in vivo and in vitro. Diabetes 45: 699-701.
Kiess W, Anil M, Blum WF, Englaro P, Juul A, Attanasio A, Dötsch J & Rascher W (1998)
Serum leptin levels in children and adolescents with insulin-dependent diabetes mellitus in
relation to metabolic control and body mass index. Eur J Endocrinol 138: 501-509.
Flück CE, Kuhlmann BV & Mullis PE (1999) Insulin increases serum leptin concentrations
in children and adolescents with newly diagnosed type I diabetes mellitus with and without
ketoacidosis. Diabetologia 42: 1067-1070.
Ahmed ML, Ong KK, Watts AP, Morrell DJ, Preece MA & Dunger DB (2001) Elevated
leptin levels are associated with excess gains in fat mass in girls, but not boys, with type 1
diabetes: longitudinal study during adolescence. J Clin Endocrinol Metab 86: 1188-1193.
Blum WF, Englaro P, Hanitsch S, Juul A, Hertel NT, Müller J, Skakkebaek NE, Heiman
ML, Birkett M, Attanasio AM, Kiess W & Rascher W (1997) Plasma leptin levels in
healthy children and adolescents: dependence on body mass index, body fat mass, gender,
pubertal stage, and testosterone. J Clin Endocrinol Metab 82: 2904-2910.
Aiello LP, Gardner TW, King GL, Blankenship G, Cavallerano JD, Ferris FL, III & Klein R
(1998) Diabetic retinopathy. Diabetes Care 21: 143-156.

63
25.
26.

27.
28.

29.

30.

31.

32.
33.

34.

35.
36.

37.

38.
39.
40.
41.
42.

Palmberg PF (1977) Diabetic retinopathy. Diabetes 26: 703-709.
Early Treatment Diabetic Retinopathy Study Research Group (1991) Classification of
diabetic retinopathy from fluorescein angiograms. ETDRS report number 11.
Ophthalmology 98: 807-822.
Danne T, Kordonouri O, Enders I & Hövener G (1998) Monitoring for retinopathy in
children and adolescents with type 1 diabetes. Acta Paediatr Suppl 425: 35-41.
International Society for Pediatric and Adolescent Diabetes Concensus Guidelines (2000)
ISPAD Concencus Guidelines for the Management of Type 1 Diabetes Mellitus in Children
and Adolescents Swift PGF (ed) 95-101. Medical Forum International, Netherlands.
Salardi S, Rubbi F, Puglioli R, Brancaleoni A, Bacchi-Reggiani L, Ragni L & Cacciari E
(2001) Diabetic retinopathy in childhood: long-term follow-up by fluorescein angiography
beginning in the first months of disease. J Pediatr Endocrinol Metab 14: 507-515.
Bonney M, Hing SJ, Fung AT, Stephens MM, Fairchild JM, Donaghue KC, Howard NJ &
Silink M (1995) Development and progression of diabetic retinopathy: adolescents at risk.
Diabet Med 12: 967-973.
Klein R, Klein BE, Moss SE, Davis MD & DeMets DL (1989) The Wisconsin
Epidemiologic Study of Diabetic Retinopathy. IX. Four- year incidence and progression of
diabetic retinopathy when age at diagnosis is less than 30 years. Arch Ophthalmol 107:
237-243.
Mogensen CE & Christensen CK (1984) Predicting diabetic nephropathy in insulindependent patients. N Engl J Med 311: 89-93.
Deckert T, Feldt-Rasmussen B, Borch-Johnsen K, Jensen T & Kofoed-Enevoldsen A (1989)
Albuminuria reflects widespread vascular damage. The Steno hypothesis. Diabetologia 32:
219-226.
Winocour PH, Marshall SM (1998) Measurement and expression of microalbuminuria. In:
Microalbuminuria. Biochemistry, epidemiology and clinical practice 11-39. Cambridge
University Press, U.K.
Tomaselli L, Trischitta V, Vinci C, Frittitta L, Squatrito S & Vigneri R (1989) Evaluation of
albumin excretion rate in overnight versus 24-h urine. Diabetes Care 12: 585-587.
Bangstad HJ, Dahl-Jørgensen K, Kjaersgaard P, Mevold K & Hanssen KF (1993) Urinary
albumin excretion rate and puberty in non-diabetic children and adolescents. Acta Paediatr
82: 857-862.
Bangstad HJ, Hanssen KF, Kierulf P, Larsen S, Dahl-Jørgensen K, Joo GB & Aagenaes O
(1987) Elevated albumin excretion rate is common among poorly controlled adolescent
insulin dependent diabetics. Diabetes Res 6: 43-46.
American Diabetes Association (2002). Diabetic nephropathy. Diabetes Care 25 Suppl 1:
85-89.
Mogensen CE (1997) How to protect the kidney in diabetic patients: with special reference
to IDDM. Diabetes 46 Suppl 2: S104-S111.
Chiarelli F, Verrotti A & Morgese G (1995) Glomerular hyperfiltration increases the risk of
developing microalbuminuria in diabetic children. Pediatr Nephrol 9: 154-158.
Østerby R (1992) Glomerular structural changes in type 1 (insulin-dependent) diabetes
mellitus: causes, consequences, and prevention. Diabetologia 35: 803-812.
Akaoka K, White RH & Raafat F (1994) Human glomerular growth during childhood: a
morphometric study. J Pathol 173: 261-268.

64
43.
44.

45.

46.
47.
48.
49.
50.
51.

52.
53.

54.
55.
56.
57.

58.
59.
60.
61.

Drummond K & Mauer M (2002) The early natural history of nephropathy in type 1
diabetes: II. Early renal structural changes in type 1 diabetes. Diabetes 51: 1580-1587.
Torbjörnsdotter TB, Jaremko GA & Berg UB (2001) Ambulatory blood pressure and heart
rate in relation to kidney structure and metabolic control in adolescents with Type I
diabetes. Diabetologia 44: 865-873.
Andersen AR, Christiansen JS, Andersen JK, Kreiner S & Deckert T (1983) Diabetic
nephropathy in Type 1 (insulin-dependent) diabetes: an epidemiological study.
Diabetologia 25: 496-501.
Consensus statement (1988) Report and recommendations of the San Antonio conference
on diabetic neuropathy. Diabetes 37: 1000-1004.
Sugimoto K, Murakawa Y & Sima AA (2000) Diabetic neuropathy--a continuing enigma.
Diabetes Metab Res Rev 16: 408-433.
Sima AA, Thomas PK, Ishii D & Vinik A (1997) Diabetic neuropathies. Diabetologia 40
Suppl 3: B74-B77.
Greene DA, Sima AA, Stevens MJ, Feldman EL & Lattimer SA (1992) Complications:
neuropathy, pathogenetic considerations. Diabetes Care 15: 1902-1925.
Pfeifer MA & Schumer MP (1995) Clinical trials of diabetic neuropathy: past, present, and
future. Diabetes 44: 1355-1361.
Sima AA, Nathaniel V, Prashar A, Bril V & Greene DA (1991) Endoneurial microvessels in
human diabetic neuropathy. Endothelial cell dysjunction and lack of treatment effect by
aldose reductase inhibitor. Diabetes 40: 1090-1099.
Gelber DA, Pfeifer MA (1994). Management of diabetic neuropathy. In: Marshall SM &
Home PD (ed) The Diabetes Annual/8 349-363. Elsevier Science B.V.
Dyck PJ, Kratz KM, Karnes JL, Litchy WJ, Klein R, Pach JM, Wilson DM, O'Brien PC,
Melton LJ, III & Service FJ (1993) The prevalence by staged severity of various types of
diabetic neuropathy, retinopathy, and nephropathy in a population-based cohort: the
Rochester Diabetic Neuropathy Study. Neurology 43: 817-824.
Bojestig M, Arnqvist HJ, Karlberg BE & Ludvigsson J (1996) Glycemic control and
prognosis in type I diabetic patients with microalbuminuria. Diabetes Care 19: 313-317.
Donaghue KC (1998) Autonomic neuropathy: diagnosis and impact on health in adolescents
with diabetes. Horm Res 50 Suppl 1: 33-37.
Ewing DJ, Martyn CN, Young RJ & Clarke BF (1985) The value of cardiovascular
autonomic function tests: 10 years experience in diabetes. Diabetes Care 8: 491-498.
Donaghue KC, Bonney M, Simpson JM, Schwingshandl J, Fung AT, Howard NJ & Silink
M (1993) Autonomic and peripheral nerve function in adolescents with and without
diabetes. Diabet Med 10: 664-671.
Karachaliou FH, Karavanaki K, Greenwood R, Morgan H & Baum JD (1996) Consistency
of microvascular and autonomic abnormalities in diabetes. Arch Dis Child 75: 124-128.
Ravits JM (1997) AAEM minimonograph #48: autonomic nervous system testing. Muscle
Nerve 20: 919-937.
Meh D & Denislic M (1998) Subclinical neuropathy in type I diabetic children.
Electroencephalogr Clin Neurophysiol 109: 274-280.
Ringel RE, Chalew SA, Armour KA, McLaughlin J, McCarter RJ, Jr. & Kramer WE (1993)
Cardiovascular reflex abnormalities in children and adolescents with diabetes mellitus.
Diabetes Care 16: 734-741.

65
62.

63.

64.

65.
66.

67.
68.
69.

70.
71.
72.
73.
74.

75.
76.

77.
78.

79.

Ziegler D, Laux G, Dannehl K, Spuler M, Muhlen H, Mayer P & Gries FA (1992)
Assessment of cardiovascular autonomic function: age-related normal ranges and
reproducibility of spectral analysis, vector analysis, and standard tests of heart rate variation
and blood pressure responses. Diabet Med 9: 166-175.
Javorka K, Javorkova J, Petraskova M, Tonhajzerova I, Buchanec J & Chroma O (1999)
Heart rate variability and cardiovascular tests in young patients with diabetes mellitus type
1. J Pediatr Endocrinol Metab 12: 423-431.
Massin MM, Derkenne B, Tallsund M, Rocour-Brumioul D, Ernould C, Lebrethon MC &
Bourguignon JP (1999) Cardiac autonomic dysfunction in diabetic children. Diabetes Care
22: 1845-1850.
Massin MM, Maeyns K, Withofs N, Ravet F & Gerard P (2000) Circadian rhythm of heart
rate and heart rate variability. Arch Dis Child 83: 179-182.
Task Force (1996) Heart rate variability: standards of measurement, physiological
interpretation and clinical use. Task Force of the European Society of Cardiology and the
North American Society of Pacing and Electrophysiology. Circulation 93: 1043-1065.
Ziegler D, Laude D, Akila F & Elghozi JL (2001) Time- and frequency-domain estimation
of early diabetic cardiovascular autonomic neuropathy. Clin Auton Res 11: 369-376.
Malliani A, Pagani M, Lombardi F & Cerutti S (1991) Cardiovascular neural regulation
explored in the frequency domain. Circulation 84: 482-492.
Diabetes Control and Complications Trial Research Group (1993) The effect of intensive
treatment of diabetes on the development and progression of long-term complications in
insulin-dependent diabetes mellitus. N Engl J Med 329: 977-986.
Candido R & Allen TJ (2002) Haemodynamics in microvascular complications in type 1
diabetes. Diabetes Metab Res Rev 18: 286-304.
Sima AA & Sugimoto K (1999) Experimental diabetic neuropathy: an update. Diabetologia
42: 773-788.
Vlassara H (1997) Recent progress in advanced glycation end products and diabetic
complications. Diabetes 46 Suppl 2: S19-S25.
Baynes JW & Thorpe SR (1999) Role of oxidative stress in diabetic complications: a new
perspective on an old paradigm. Diabetes 48: 1-9.
Pugliese G, Pricci F, Romeo G, Pugliese F, Mene P, Giannini S, Cresci B, Galli G, Rotella
CM, Vlassara H & Di Mario U (1997) Upregulation of mesangial growth factor and
extracellular matrix synthesis by advanced glycation end products via a receptor-mediated
mechanism. Diabetes 46: 1881-1887.
Brownlee M, Cerami A & Vlassara H (1988) Advanced glycosylation end products in tissue
and the biochemical basis of diabetic complications. N Engl J Med 318: 1315-1321.
Vlassara H, Bucala R & Striker L (1994) Pathogenic effects of advanced glycosylation:
biochemical, biologic, and clinical implications for diabetes and aging. Lab Invest 70: 138151.
Vlassara H (1996) Advanced glycation end-products and atherosclerosis. Ann Med 28: 419426.
Schmidt AM, Hori O, Cao R, Yan SD, Brett J, Wautier JL, Ogawa S, Kuwabara K,
Matsumoto M & Stern D (1996) RAGE: a novel cellular receptor for advanced glycation
end products. Diabetes 45 Suppl 3: S77-S80.
Nishizuka Y (1992) Intracellular signaling by hydrolysis of phospholipids and activation of
protein kinase C. Science 258: 607-614.

66
80.
81.

82.
83.
84.
85.

86.
87.
88.

89.

90.

91.

92.

93.

94.

Koya D & King GL (1998) Protein kinase C activation and the development of diabetic
complications. Diabetes 47: 859-866.
Takagi C, King GL, Takagi H, Lin YW, Clermont AC & Bursell SE (1996) Endothelin-1
action via endothelin receptors is a primary mechanism modulating retinal circulatory
response to hyperoxia. Invest Ophthalmol Vis Sci 37: 2099-2109.
Miller JW, Adamis AP & Aiello LP (1997) Vascular endothelial growth factor in ocular
neovascularization and proliferative diabetic retinopathy. Diabetes Metab Rev 13: 37-50.
Pfeiffer A & Schatz H (1995) Diabetic microvascular complications and growth factors.
Exp Clin Endocrinol Diabetes 103: 7-14.
Paques M, Massin P & Gaudric A (1997) Growth factors and diabetic retinopathy. Diabetes
Metab 23: 125-130.
Aiello LP, Avery RL, Arrigg PG, Keyt BA, Jampel HD, Shah ST, Pasquale LR, Thieme H,
Iwamoto MA & Park JE (1994) Vascular endothelial growth factor in ocular fluid of
patients with diabetic retinopathy and other retinal disorders. N Engl J Med 331: 14801487.
Chiarelli F, Santilli F & Mohn A (2000) Role of growth factors in the development of
diabetic complications. Horm Res 53: 53-67.
Tomlinson DR, Fernyhough P & Diemel LT (1997) Role of neurotrophins in diabetic
neuropathy and treatment with nerve growth factors. Diabetes 46 Suppl 2: S43-S49.
Kernell A, Dedorsson I, Johansson B, Wickström CP, Ludvigsson J, Tuvemo T, Neiderud J,
Sjöström K, Malmgren K, Kanulf P, Mellvig L, Gjötterberg M, Sule J, Persson LÅ,
Larsson LI, Åman J & Dahlquist G (1997) Prevalence of diabetic retinopathy in children
and adolescents with IDDM. A population-based multicentre study. Diabetologia 40: 307310.
Olsen BS, Sjølie A-K, Hougaard P, Johannesen J, Borch-Johnsen K, Marinelli K,
Thorsteinsson B, Pramming S, Mortensen HB & Danish Study Group of Diabetes in
Childhood (2000) A 6-year nationwide cohort study of glycaemic control in young people
with type 1 diabetes. Risk markers for the development of retinopathy, nephropathy and
neuropathy. J Diabetes Complications 14: 295-300.
Porta M, Sjoelie A-K, Chaturvedi N, Stevens L, Rottiers R, Veglio M & Fuller JH (2001)
Risk factors for progression to proliferative diabetic retinopathy in the EURODIAB
Prospective Complications Study. Diabetologia 44: 2203-2209.
Sjølie AK, Stephenson J, Aldington S, Kohner E, Janka H, Stevens L & Fuller J (1997)
Retinopathy and vision loss in insulin-dependent diabetes in Europe. The EURODIAB
IDDM Complications Study. Ophthalmology 104: 252-260.
Rowe DJ, Hayward M, Bagga H & Betts P (1984) Effect of glycaemic control and duration
of disease on overnight albumin excretion in diabetic children. Br Med J (Clin Res Ed) 289:
957-959.
Mathiesen ER, Saurbrey N, Hommel E & Parving HH (1986) Prevalence of
microalbuminuria in children with type 1 (insulin- dependent) diabetes mellitus.
Diabetologia 29: 640-643.
Mortensen HB, Marinelli K, Nørgaard K, Main K, Kastrup KW, Ibsen KK, Villumsen J &
Parving HH (1990) A nation-wide cross-sectional study of urinary albumin excretion rate,
arterial blood pressure and blood glucose control in Danish children with type 1 diabetes
mellitus. Danish Study Group of Diabetes in Childhood. Diabet Med 7: 887-897.

67
95.

96.
97.

98.
99.
100.

101.

102.
103.

104.
105.
106.

107.

108.
109.

110.

111.

Schultz CJ, Konopelska-Bahu T, Dalton RN, Carroll TA, Stratton I, Gale EA, Neil A &
Dunger DB (1999) Microalbuminuria prevalence varies with age, sex, and puberty in
children with type 1 diabetes followed from diagnosis in a longitudinal study. Oxford
Regional Prospective Study Group. Diabetes Care 22: 495-502.
Gorman D, Sochett E & Daneman D (1999) The natural history of microalbuminuria in
adolescents with type 1 diabetes. J Pediatr 134: 333-337.
Mathiesen ER, Rønn B, Jensen T, Storm B & Deckert T (1990) Relationship between blood
pressure and urinary albumin excretion in development of microalbuminuria. Diabetes 39:
245-249.
Rudberg S, Persson B & Dahlquist G (1992) Increased glomerular filtration rate as a
predictor of diabetic nephropathy--an 8-year prospective study. Kidney Int 41: 822-828.
Bojestig M, Arnqvist HJ, Hermansson G, Karlberg BE & Ludvigsson J (1994) Declining
incidence of nephropathy in insulin-dependent diabetes mellitus. N Engl J Med 330: 15-18.
White NH, Cleary PA, Dahms W, Goldstein D, Malone J & Tamborlane WV (2001)
Beneficial effects of intensive therapy of diabetes during adolescence: outcomes after the
conclusion of the Diabetes Control and Complications Trial (DCCT). J Pediatr 139: 804812.
Lloyd CE, Stephenson J, Fuller JH & Orchard TJ (1996) A comparison of renal disease
across two continents; the epidemiology of diabetes complications study and the
EURODIAB IDDM Complications Study. Diabetes Care 19: 219-225.
Young RJ, Ewing DJ & Clarke BF (1983) Nerve function and metabolic control in teenage
diabetics. Diabetes 32: 142-147.
Duck SC, Wei FF, Parke J & Swick HM (1991) Role of height and glycosylated
hemoglobin in abnormal nerve conduction in pediatric patients with type I diabetes mellitus
after 4-9 yr of disease. Diabetes Care 14: 386-392.
Davis EA, Jones TW, Walsh P & Byrne GC (1997) The use of biothesiometry to detect
neuropathy in children and adolescents with IDDM. Diabetes Care 20: 1448-1453.
Bao XH, Wong V, Wang Q & Low LC (1999) Prevalence of peripheral neuropathy with
insulin-dependent diabetes mellitus. Pediatr Neurol 20: 204-209.
Donaghue KC, Fung AT, Fairchild JM, Howard NJ & Silink M (1996) Prospective
assessment of autonomic and peripheral nerve function in adolescents with diabetes. Diabet
Med 13: 65-71.
Maser RE, Steenkiste AR, Dorman JS, Nielsen VK, Bass EB, Manjoo Q, Drash AL, Becker
DJ, Kuller LH & Greene DA (1989) Epidemiological correlates of diabetic neuropathy.
Report from Pittsburgh Epidemiology of Diabetes Complications Study. Diabetes 38: 14561461.
Verrotti A, Chiarelli F, Blasetti A & Morgese G (1995) Autonomic neuropathy in diabetic
children. J Paediatr Child Health 31: 545-548.
Holder M, Holl RW, Bartz J, Hecker W, Heinze E, Leichter HE & Teller W (1997)
Influence of long-term glycemic control on the development of cardiac autonomic
neuropathy in pediatric patients with type I diabetes. Diabetes Care 20: 1042-1043.
Tanaka H, Hyllienmark L, Thulesius O, Brismar T, Ludvigsson J, Ericson MO, Lindblad
LE & Tamai H (1998) Autonomic function in children with type 1 diabetes mellitus. Diabet
Med 15: 402-411.
Barkai L & Madacsy L (1995) Cardiovascular autonomic dysfunction in diabetes mellitus.
Arch Dis Child 73: 515-518.

68
112.
113.

114.

115.

116.

117.
118.

119.

120.

121.

122.

123.

124.

125.

126.

Karavanaki K, Davies AG, Morgan MH & Baum JD (1997) Autonomic function in a cohort
of children with diabetes. J Pediatr Endocrinol Metab 10: 599-607.
Scaramuzza A, Salvucci F, Leuzzi S, Radaelli A, d'Annunzio G, Fratino P, Lorini R &
Bernardi L (1998) Cardiovascular autonomic testing in adolescents with type I (insulindependent) diabetes mellitus: an 18-month follow-up study. Clin Sci (Lond) 94: 615-621.
Olsen BS, Johannesen J, Sjølie AK, Borch-Johnsen K, Hougaard P, Thorsteinsson B,
Pramming S, Marinelli K, Mortensen HB & Danish Study Group of Diabetes in Childhood
(1999) Metabolic control and prevalence of microvascular complications in young Danish
patients with Type 1 diabetes mellitus. Diabet Med 16: 79-85.
Donaghue KC, Fung AT, Hing S, Fairchild J, King J, Chan A, Howard NJ & Silink M
(1997) The effect of prepubertal diabetes duration on diabetes. Microvascular
complications in early and late adolescence. Diabetes Care 20: 77-80.
Danne T, Weber B, Hartmann R, Enders I, Burger W & Hövener G (1994) Long-term
glycemic control has a nonlinear association to the frequency of background retinopathy in
adolescents with diabetes. Follow-up of the Berlin Retinopathy Study. Diabetes Care 17:
1390-1396.
Javitt JC, Canner JK & Sommer A (1989) Cost effectiveness of current approaches to the
control of retinopathy in type I diabetics. Ophthalmology 96: 255-264.
Rosenlund EF, Haakens K, Brinchmann-Hansen O, Dahl-Jørgensen K & Hanssen KF
(1988) Transient proliferative diabetic retinopathy during intensified insulin treatment. Am
J Ophthalmol 105: 618-625.
Powrie JK, Watts GF, Ingham JN, Taub NA, Talmud PJ & Shaw KM (1994) Role of
glycaemic control in development of microalbuminuria in patients with insulin dependent
diabetes. BMJ 309: 1608-1612.
Rudberg S, Ullman E & Dahlquist G (1993) Relationship between early metabolic control
and the development of microalbuminuria--a longitudinal study in children with type 1
(insulin- dependent) diabetes mellitus. Diabetologia 36: 1309-1314.
Rossing P, Hougaard P & Parving HH (2002) Risk factors for development of incipient and
overt diabetic nephropathy in type 1 diabetic patients: a 10-year prospective observational
study. Diabetes Care 25: 859-864.
Rudberg S, Østerby R, Dahlquist G, Nyberg G & Persson B (1997) Predictors of renal
morphological changes in the early stage of microalbuminuria in adolescents with IDDM.
Diabetes Care 20: 265-271.
Dahl-Jørgensen K, Brinchmann-Hansen O, Hanssen KF, Ganes T, Kierulf P, Smeland E,
Sandvik L & Aagenaes O (1986) Effect of near normoglycaemia for two years on
progression of early diabetic retinopathy, nephropathy, and neuropathy: the Oslo study. Br
Med J (Clin Res Ed) 293: 1195-1199.
Solders G, Thalme B, Aguirre-Aquino M, Brandt L, Berg U & Persson A (1997) Nerve
conduction and autonomic nerve function in diabetic children. A 10-year follow-up study.
Acta Paediatr 86: 361-366.
Amthor KF, Dahl-Jørgensen K, Berg TJ, Heier MS, Sandvik L, Aagenaes O & Hanssen KF
(1994) The effect of 8 years of strict glycaemic control on peripheral nerve function in
IDDM patients: the Oslo Study. Diabetologia 37: 579-584.
Allen C, Shen G, Palta M, Lotz B, Jacobson R & D'Alessio D for The Wisconsin Diabetes
Registry (1997) Long-term hyperglycemia is related to peripheral nerve changes at a
diabetes duration of 4 years. Diabetes Care 20: 1154-1158.

69
127.

128.

129.

130.

131.

132.

133.

134.

135.
136.

137.

138.

139.
140.
141.

Burger W, Hövener G, Dusterhus R, Hartmann R & Weber B (1986) Prevalence and
development of retinopathy in children and adolescents with type 1 (insulin-dependent)
diabetes mellitus. A longitudinal study. Diabetologia 29: 17-22.
Kokkonen J, Laatikainen L, van Dickhoff K, Miettinen R, Tuominen M, Lautala P &
Salmela P (1994) Ocular complications in young adults with insulin-dependent diabetes
mellitus since childhood. Acta Paediatr 83: 273-278.
Joner G, Brinchmann-Hansen O, Torres CG & Hanssen KF (1992) A nationwide crosssectional study of retinopathy and microalbuminuria in young Norwegian type 1 (insulindependent) diabetic patients. Diabetologia 35: 1049-1054.
Klein R, Klein BE, Moss SE, Davis MD & DeMets DL (1984) The Wisconsin
epidemiologic study of diabetic retinopathy. II. Prevalence and risk of diabetic retinopathy
when age at diagnosis is less than 30 years. Arch Ophthalmol 102: 520-526.
Käär ML, Saukkonen AL, Pitkänen M & Åkerblom HK (1983) Peripheral neuropathy in
diabetic children and adolescents. A cross-sectional study. Acta Paediatr Scand 72: 373378.
Ziegler D, Mayer P, Muhlen H & Gries FA (1991) The natural history of somatosensory
and autonomic nerve dysfunction in relation to glycaemic control during the first 5 years
after diagnosis of type 1 (insulin-dependent) diabetes mellitus. Diabetologia 34: 822-829.
Bognetti E, Calori G, Meschi F, Macellaro P, Bonfanti R & Chiumello G (1997) Prevalence
and correlations of early microvascular complications in young type I diabetic patients: role
of puberty. J Pediatr Endocrinol Metab 10: 587-592.
Krolewski AS, Canessa M, Warram JH, Laffel LM, Christlieb AR, Knowler WC & Rand LI
(1988) Predisposition to hypertension and susceptibility to renal disease in insulindependent diabetes mellitus. N Engl J Med 318: 140-145.
Viberti GC, Keen H & Wiseman MJ (1987) Raised arterial pressure in parents of
proteinuric insulin dependent diabetics. Br Med J (Clin Res Ed) 295: 515-517.
Fagerudd JA, Tarnow L, Jacobsen P, Stenman S, Nielsen FS, Pettersson-Fernholm KJ,
Gronhagen-Riska C, Parving HH & Groop PH (1998) Predisposition to essential
hypertension and development of diabetic nephropathy in IDDM patients. Diabetes 47:
439-444.
Parving HH, Hommel E, Jensen BR & Hansen HP (2001) Long-term beneficial effect of
ACE inhibition on diabetic nephropathy in normotensive type 1 diabetic patients. Kidney
Int 60: 228-234.
Lewis EJ, Hunsicker LG, Bain RP & Rohde RD (1993) The effect of angiotensinconverting-enzyme inhibition on diabetic nephropathy. The Collaborative Study Group. N
Engl J Med 329: 1456-1462.
Forrest KY, Maser RE, Pambianco G, Becker DJ & Orchard TJ (1997) Hypertension as a
risk factor for diabetic neuropathy: a prospective study. Diabetes 46: 665-670.
Rudberg S & Dahlquist G (1996) Determinants of progression of microalbuminuria in
adolescents with IDDM. Diabetes Care 19: 369-371.
Couper JJ, Clarke CF, Byrne GC, Jones TW, Donaghue KC, Nairn J, Boyce D, Russell M,
Stephens M, Raymond J, Bates DJ & McCaul K (1997) Progression of borderline increases
in albuminuria in adolescents with insulin-dependent diabetes mellitus. Diabet Med 14:
766-771.

70
142.

143.
144.

145.

146.
147.

148.
149.

150.

151.
152.
153.

154.
155.

156.
157.

158.

Parving HH, Oxenboll B, Svendsen PA, Christiansen JS & Andersen AR (1982) Early
detection of patients at risk of developing diabetic nephropathy. A longitudinal study of
urinary albumin excretion. Acta Endocrinol (Copenh) 100: 550-555.
Mathiesen ER, Oxenboll B, Johansen K, Svendsen PA & Deckert T (1984) Incipient
nephropathy in type 1 (insulin-dependent) diabetes. Diabetologia 26: 406-410.
Deckert T, Feldt-Rasmussen B, Borch-Johnsen K, Jensen T, Kofoed-Enevoldsen A &
Mathiesen ER (1991) Natural history of diabetic complications: early detection and
progression. Diabet Med 8 Spec No: S33-S37.
Seaquist ER, Goetz FC, Rich S & Barbosa J (1989) Familial clustering of diabetic kidney
disease. Evidence for genetic susceptibility to diabetic nephropathy. N Engl J Med 320:
1161-1165.
Quinn M, Angelico MC, Warram JH & Krolewski AS (1996) Familial factors determine the
development of diabetic nephropathy in patients with IDDM. Diabetologia 39: 940-945.
Fagerudd JA, Pettersson-Fernholm KJ, Grönhagen-Riska C & Groop PH (1999) The impact
of a family history of Type II (non-insulin-dependent) diabetes mellitus on the risk of
diabetic nephropathy in patients with Type I (insulin-dependent) diabetes mellitus.
Diabetologia 42: 519-526.
Earle K, Walker J, Hill C & Viberti G (1992) Familial clustering of cardiovascular disease
in patients with insulin- dependent diabetes and nephropathy. N Engl J Med 326: 673-677.
Tarnow L, Gluud C & Parving HH (1998) Diabetic nephropathy and the insertion/deletion
polymorphism of the angiotensin-converting enzyme gene. Nephrol Dial Transplant 13:
1125-1130.
Couper JJ, Staples AJ, Cocciolone R, Nairn J, Badcock N & Henning P (1994) Relationship
of smoking and albuminuria in children with insulin- dependent diabetes. Diabet Med 11:
666-669.
Rudberg S, Stattin EL & Dahlquist G (1998) Familial and perinatal risk factors for microand macroalbuminuria in young IDDM patients. Diabetes 47: 1121-1126.
Tanner JM (1962). Growth at adolescence. Blackwell Scientific Publications, Oxford.
Kostraba JN, Dorman JS, Orchard TJ, Becker DJ, Ohki Y, Ellis D, Doft BH, Lobes LA,
LaPorte RE & Drash AL (1989) Contribution of diabetes duration before puberty to
development of microvascular complications in IDDM subjects. Diabetes Care 12: 686693.
Wawryk AM, Bates DJ & Couper JJ (1997) Power spectral analysis of heart rate variability
in children and adolescents with IDDM. Diabetes Care 20: 1416-1421.
Rogers DG, White NH, Shalwitz RA, Palmberg P, Smith ME & Santiago JV (1987) The
effect of puberty on the development of early diabetic microvascular disease in insulindependent diabetes. Diabetes Res Clin Pract 3: 39-44.
Murphy RP, Nanda M, Plotnick L, Enger C, Vitale S & Patz A (1990) The relationship of
puberty to diabetic retinopathy. Arch Ophthalmol 108: 215-218.
McNally PG, Raymond NT, Swift PG, Hearnshaw JR & Burden AC (1993) Does the
prepubertal duration of diabetes influence the onset of microvascular complications? Diabet
Med 10: 906-908.
Falck AA, Käär ML & Laatikainen LT (1993) Prevalence and risk factors of retinopathy in
children with diabetes. A population-based study on Finnish children. Acta Ophthalmol
(Copenh) 71: 801-809.

71
159.
160.

161.

162.
163.
164.
165.

166.
167.
168.

169.

170.

171.

172.
173.
174.
175.
176.

177.

Dahlquist G & Rudberg S (1987) The prevalence of microalbuminuria in diabetic children
and adolescents and its relation to puberty. Acta Paediatr Scand 76: 795-800.
Barkai L, Kempler P, Vamosi I, Lukacs K, Marton A & Keresztes K (1998) Peripheral
sensory nerve dysfunction in children and adolescents with type 1 diabetes mellitus. Diabet
Med 15: 228-233.
Sosenko JM, Gadia MT, Natori N, Ayyar DR, Ramos LB & Skyler JS (1987)
Neurofunctional testing for the detection of diabetic peripheral neuropathy. Arch Intern
Med 147: 1741-1744.
Rivner MH, Swift TR, Crout BO & Rhodes KP (1990) Toward more rational nerve
conduction interpretations: the effect of height. Muscle Nerve 13: 232-239.
Hansen PF & With TK (1952). Clinical measurement of testes in boys and men. Acta Med
Scand Suppl 266: 457-465.
Sorva R, Perheentupa J & Tolppanen EM (1984) A novel format for a growth chart. Acta
Paediatr Scand 73: 527-529.
Mueller WH, Marbella A, Harrist RB, Kaplowitz HJ, Grunbaum JA & Labarthe DR (1989)
Body circumferences as alternatives to skinfold measures of body fat distribution in
children. Ann Hum Biol 16: 495-506.
Parizkova J (1961) The body fat and skinfold thickness in children. Metabolism 10: 794807.
Keys A & Brožek J (1953) Body fat in adult man. Physiological Reviews 33: 245-325.
Dyck PJ, Sherman WR, Hallcher LM, Service FJ, O'Brien PC, Grina LA, Palumbo PJ &
Swanson CJ (1980) Human diabetic endoneurial sorbitol, fructose, and myo-inositol related
to sural nerve morphometry. Ann Neurol 8: 590-596.
Dyck PJ, Karnes J, O'Brien PC & Swanson CJ (1986) Neuropathy Symptom Profile in
health, motor neuron disease, diabetic neuropathy, and amyloidosis. Neurology 36: 13001308.
Dyck PJ, Karnes JL, O'Brien PC, Litchy WJ, Low PA & Melton LJ, III (1992) The
Rochester Diabetic Neuropathy Study: reassessment of tests and criteria for diagnosis and
staged severity. Neurology 42: 1164-1170.
Lundborg G, Lie-Stenström AK, Sollerman C, Strömberg T & Pyykkö I (1986) Digital
vibrogram: a new diagnostic tool for sensory testing in compression neuropathy. J Hand
Surg [Am ] 11: 693-699.
Suominen K (1997) Design and implementation of a PC-based data acquisition system for
measuring ECG and respiratory signals. Int J Clin Monit Comput 14: 225-230.
Berger RD, Akselrod S, Gordon D & Cohen RJ (1986) An efficient algorithm for spectral
analysis of heart rate variability. IEEE Trans Biomed Eng 33: 900-904.
Goldberger AL, Rigney DR & West BJ (1990) Chaos and fractals in human physiology. Sci
Am 262: 42-49.
Andersen L, Dinesen B, Jorgensen PN, Poulsen F & Roder ME (1993) Enzyme
immunoassay for intact human insulin in serum or plasma. Clin Chem 39: 578-582.
Ronkainen MS, Hämäläinen AM, Koskela P, Åkerblom HK & Knip M (2001) Pregnancy
induces nonimmunoglobulin insulin-binding activity in both maternal and cord blood
serum. Clin Exp Immunol 124: 190-196.
Rutanen EM, Bohn H & Seppälä M (1982) Radioimmunoassay of placental protein 12:
levels in amniotic fluid, cord blood, and serum of healthy adults, pregnant women, and
patients with trophoblastic disease. Am J Obstet Gynecol 144: 460-463.

72
178.
179.

180.

181.

182.
183.

184.

185.

186.

187.

188.
189.

Ma Z, Gingerich RL, Santiago JV, Klein S, Smith CH & Landt M (1996)
Radioimmunoassay of leptin in human plasma. Clin Chem 42: 942-946.
Rudberg S & Persson B (1995) Association between lipoprotein(a) and insulin-like growth
factor I during puberty and the relationship to microalbuminuria in children and adolescents
with IDDM. Diabetes Care 18: 933-939.
Olsen BS, Nir M, Kjaer I, Volund A & Mortensen HB (1994) Elevated vibration perception
threshold in young patients with type 1 diabetes in comparison to non-diabetic children and
adolescents. Diabet Med 11: 888-892.
Young RJ, MacIntyre CC, Martyn CN, Prescott RJ, Ewing DJ, Smith AF, Viberti G &
Clarke BF (1986) Progression of subclinical polyneuropathy in young patients with type 1
(insulin-dependent) diabetes: associations with glycaemic control and microangiopathy
(microvascular complications). Diabetologia 29: 156-161.
Hyllienmark L, Brismar T & Ludvigsson J (1995) Subclinical nerve dysfunction in children
and adolescents with IDDM. Diabetologia 38: 685-692.
Christen WG, Manson JE, Bubes V & Glynn RJ (1999) Risk factors for progression of
distal symmetric polyneuropathy in type 1 diabetes mellitus. Sorbinil Retinopathy Trial
Research Group. Am J Epidemiol 150: 1142-1151.
Kobayashi K, Amemiya S, Sawanobori E, Higashida K, Ishihara T, Kobayashi K, Kato K &
Nakazawa S (1997) Role of IGF binding protein-1 in the dawn phenomenon and glycemic
control in children and adolescents with IDDM. Diabetes Care 20: 1442-1447.
Hilding A, Brismar K, Degerblad M, Thoren M & Hall K (1995) Altered relation between
circulating levels of insulin-like growth factor-binding protein-1 and insulin in growth
hormone-deficient patients and insulin-dependent diabetic patients compared to that in
healthy subjects. J Clin Endocrinol Metab 80: 2646-2652.
Munoz MT, Barrios V, Pozo J & Argente J (1996) Insulin-like growth factor I, its binding
proteins 1 and 3, and growth hormone-binding protein in children and adolescents with
insulin- dependent diabetes mellitus: clinical implications. Pediatr Res 39: 992-998.
Chaturvedi N, Bandinelli S, Mangili R, Penno G, Rottiers RE & Fuller JH (2001)
Microalbuminuria in type 1 diabetes: rates, risk factors and glycemic threshold. Kidney Int
60: 219-227.
Ellis KJ & Nicolson M (1997) Leptin levels and body fatness in children: effects of gender,
ethnicity, and sexual development. Pediatr Res 42: 484-488.
Acerini CL, Cheetham TD, Edge JA & Dunger DB (2000) Both insulin sensitivity and
insulin clearance in children and young adults with type I (insulin-dependent) diabetes vary
with growth hormone concentrations and with age. Diabetologia 43: 61-68.

