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Summary	 Diabetes represents the single largest cause of end-stage kidney failure 
in adults. Although diabetic nephropathy is an uncommon cause of kidney failure during 
childhood, there is clear evidence that the underlying events increase to progressive 
kidney injury begin during childhood and accelerate during puberty. This is of paramount 
importance taking into consideration the significant worldwide increasing in the incidence 
of Type  1 and Type  2 diabetes in youths. The characterization of the natural history, 
identification of risk factors and subclinical signs of renal complications in childhood is 
essential for the implementation of preventive and therapeutic strategies, with the aim of 
changing the course of renal complications in young subjects with diabetes. In this report, an 
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�� Both childhood onset of Type 1 and Type 2 diabetes are clearly associated with an increased risk of 
kidney disease later in life.

�� In subjects with Type 1 diabetes, screening for microalbuminuria should be performed annually from the 
age of 11 years in those subjects with 2 years of diabetes duration and from the age of 9 years in children 
with 5 years of diabetes duration.

�� In subjects with Type 2 diabetes, screening for microalbuminuria should begin as early as the time of 
diagnosis.

�� Microalbuminuria can be evaluated in 24‑h urine collection, or in overnight timed urine collections as 
well as albumin–creatinine ratio or albumin concentration in an early morning spot urinary sample.

�� Assessing albumin excretion rate in early morning urine is the easiest method to carry this out in an office 
setting, and it generally provides accurate information.

�� A longitudinal assessment of glomerular filtration rate is highly recommended in order to detect 
variations in renal function and the associated risks.

�� The normal level of glomerular filtration rate varies according to age, gender and body size.

�� Preventive strategies include optimizing glycemic controlling, control blood pressure, controlling lipid 
levels, avoiding smoking, a healthy diet and physical activity.
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Background
Diabetes mellitus represents the single largest 
cause of end-stage kidney failure worldwide, in 
adults. Overt impaired renal function is char-
acterized by a continuous increase in albumin 
excretion, leading to macroalbuminuria (albu-
min excretion rate >200 µg/min) and a consist-
ent fall in glomerular filtration rate (GFR). This 
condition is rare during childhood. However, 
although this advance stage of diabetes nephro
pathy is uncommon in the pediatric population, 
it has been amply shown that the pathophysi-
ologic events that will finally result in kidney 
damage are present early on in many patients, 
and are clearly manifested by the development 
of albuminuria. This is particularly impor-
tant when we consider the burden of diabetes 
in childhood as well as the rising incidence of 
both Type 1 and 2 diabetes. Diabetes mellitus 
is one of the most common chronic disorders 
of childhood and adolescence worldwide [1]. 
Alarming reports have shown that the incidence 
of Type 1 diabetes is increasing at an annual rate 
of approximately 3–5%, particularly in children 
under the age of 5 years [1,2]. Although, in most 
Western countries Type  1 diabetes accounts 
for over 90% of cases of diabetes in children 
and adolescents, the increasing rates of child-
hood obesity worldwide has been associated 
with the rising prevalence of Type 2 diabetes. 
Thus, recent reports have documented that it 
is already more common than Type 1 diabetes 
in Japan and Taiwan and seems to account for 
7–45% of all new diabetic patients in the USA 
[3–5]; whereas in Europe, the reported prevalence 
among new diabetics is still low, on the order of 
0.5–1% [4,5]. In addition, youth-onset Type 2 
diabetes may be associated with higher risks of 
adult morbidity and mortality than adult-onset 
disease [6], likely due to the longer duration of 
exposure to the diabetic milieu. Of note, several 
studies have shown that obesity, and especially 
birth weight and weight gain, during the first 
year of life might be significantly related to risk 
of Type 1 diabetes. In a recent systematic review 
and meta-analysis including 12 studies involving 
2,398,150 people of whom 7491 had Type 1 dia-
betes, Harder et al. indicated that higher birth 
weight and increased early weight gain are risk 
factors for Type 1 diabetes, supposing therefore 

a possible role of obesity in the increased inci-
dence of Type 1 diabetes [7]. Therefore, if early 
interventions are expected to be effective in 
slowing or arresting the development of diabetic 
nephropathy in adult patients, they may need to 
be initiated in childhood. Characterization of 
the natural history of kidney disease and of its 
related signs and risk factors is essential for the 
early implementation of preventive and thera-
peutic strategies, which could change the course 
of vascular complications and improve the prog-
nosis of children, adolescents and young adults 
with diabetes.

Clinical course of diabetes nephropathy
In European populations, the risk of developing 
overt proteinuria and impaired kidney function 
in subjects with Type 1 and Type 2 diabetes has 
been reported to be similar [8]. Well-defined lon-
gitudinal data, in patients with Type 1 diabetes, 
describe that approximately 20–40% of patients 
eventually develop overt proteinuria after disease 
duration of at least 25 years [9]. Among them, 
5–15% progress to renal failure, therefore caus-
ing increased morbidity and mortality, and it is 
disproportionately greater in patients having dia-
betes since the youngest ages [10]. Although dur-
ing the last few decades the incidence of Type 2 
diabetes in childhood has dramatically increased, 
large and well-defined studies describing the lon-
gitudinal changes occurring in the kidneys are 
still missing. Therefore, the complete natural 
history of Type 2 diabetes diagnosed childhood 
is mainly unknown. In addition, in contrast to 
subjects with Type 1 diabetes, the precise risk 
of nephropathy in young subjects with Type 2 
diabetes is more difficult to estimate since our 
current knowledge of the onset and incidence of 
asymptomatic Type 2 diabetes itself is much less 
certain. Many affected individuals first present 
with overt diabetic complications later in life, 
after an unknown duration of Type 2 diabetes. 
Data available show that approximately 20% of 
those who develop overt diabetic nephropathy 
progress to kidney failure. Most of the informa-
tion available is mainly obtained by studies on 
Pima Indian children with Type 2 diabetes, a 
well-defined ethnic group at an increased risk of 
developing Type 2 diabetes during childhood as 
well as in adulthood [11]. This population is also 

overview of the natural history, main histological alteration and risk factors associated with 
diabetic nephropathy are described. Finally, we focus on the screening guidelines suggested 
for youth with diabetes.
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known to present a relatively accelerated course 
of diabetic nephropathy, when compared with 
populations of European origin. This difference 
appears to be partially explained by the early 
onset of Type 2 diabetes, the former typically 
experience kidney failure in their 30s and 40s ver-
sus 50s and 60s in the latter group [12]. However, 
although contrasting results on the magnitude 
of the regression have been reported during the 
last few decades [13,14], since the initiation of 
more intensive therapies after the DCCT, a vis-
ible reduction in the incidence of kidney failure 
has been documented [15]. In this study, authors 
described the clinical care, metabolic results and 
outcomes in subjects from the DCCT and the 
longitudinal follow-up study, the EDIC study 
over a diabetes duration of 30 years, and compare 
these results with those of the Pittsburgh EDC 
study. In particular, the DCCT, is a multicenter, 
controlled clinical trial, in which a population 
of 1441  subjects with diabetes from 29  cent-
ers across Canada and the USA, was recruited 
between 1983 and 1989, and assigned to con-
ventional or intensive therapy. The DCCT has 
been observational, and intensive therapy was 
recommended for all patients since 1993. In 
addition, the Pittsburgh EDC study is an obser-
vational study of patients with Type 1 diabetes 
from Allegheny County (PA, USA) represent-
ing a more population-based observational study 
with clinical data collected with methods similar 
to the DCCT/EDIC study during an overlap-
ping period. Results from this study showed that, 
after having diabetes for 30 years, the cumulative 
incidences of nephropathy, as well as of prolif-
erative retinopathy and cardiovascular disease 
(CVD), were 25, 50 and 14%, respectively, in 
the DCCT/EDIC conventional treatment group, 
which was similar to the EDC cohort with 47, 17 
and 14% cumulative incidences, respectively [15]. 
By contrast, the DCCT intensive treatment had 
cumulative incidences of 9, 21 and 9% for neph-
ropathy, proliferative retinopathy and CVD, 
respectively, displaying the powerful effect of 
intensive therapy over time [15]. In addition, 
recent data have shown that modern prevention 
has also reduced progression of nephropathy to 
end-stage renal disease due to Type 1 diabetes. 
In particular, it has been reported in a relatively 
recent study the estimation of age- and sex-
standardized incidence of end-stage renal dis-
ease by type of diabetes and temporal trends, 
in population-based data obtained by renal 
registry analysis including persons aged 30–44, 

45–54 or 55–64 years newly treated for end-stage 
renal disease during 1998–2002 in eight coun-
tries or regions of Europe, and Non-Indigenous 
Canadians and Australians. More specifically, a 
decrease from 60–85% (within 6–14 years) [16] 
to 30% (over 10 years) [12] of the rate of progres-
sion of microalbuminuria to overt proteinuria 
has been documented. By contrast, the number 
of end-stage renal disease patients due to Type 2 
diabetes has shown a failure of the measures 
activated that aimed to control the disease-
related complications [12], thus indicating that 
additional effort is needed to develop prevention 
strategies in this high-risk group. However, these 
results mainly refer to young adult subjects while, 
to date, confirmation is still needed in pediatric 
population-based data. 

During the last five decades several studies 
have allowed us to characterize the natural his-
tory of diabetic nephropathy, helping to defi-
nine the risk factors and possible intervention 
strategies for diabetes-related kidney changes. 
Characteristically, function and morphology 
changes occurring in the kidney in patients with 
diabetes evolve through five stages [17,18]. 

The first stage, often at the time of diagno-
sis of diabetes, is characterized by reversible 
abnormalities including increase of both kidney 
sizes and GFR. Hyperfiltration is characteristi-
cally experienced by 20–40% and 30–40% of 
newly diagnosed Type 1 and Type 2 diabetes 
patients, respectively [16,19]. Nevertheless, in 
some instances, nephromegaly and raised GFR 
persist, whereas in others these findings may 
return after a few years. 

The following second stage mainly occurs 
2–5 years after diagnosis. This phase is clini-
cally silent and is characterized by the occur-
rence of typical morphological changes, includ-
ing mesangial matrix expansion and glomerular 
basement membrane thickening. In this stage, 
progression to the later stages of nephropathy 
can be prevented or delayed by the maintenance 
of excellent metabolic contro1 [20]. Toward the 
end of this period, urinary albumin excretion 
will begin to rise, within the normal range, in 
a set of patients that will ultimately develop 
microalbuminuria. Of note is that although no 
universally accepted data are available, stud-
ies have pointed out the possibility of defining 
the risk of diabetic nephropathy according to 
the levels of or rate of the increase of albumin 
excretion during the first 5 years after the diag-
nosis [21,22]. In fact, an association between the 
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development of microalbuminuria and a higher 
albumin excretion rate level within 1–2.5 years 
after diabetes onset has been reported. In addi-
tion, an increase in the albumin excretion rate 
during the first 5 years after the diagnosis of 
diabetes has been shown to be a risk factor for 
the development of microalbuminuria [21,22]. 
Similarly, higher levels of albumin excretion, 
even if they are within the normal nonalbumin-
uric range (7.5–20 µg/min or 24‑h >15 µg/min), 
were associated with a twofold increased risk of 
developing persistent microalbuminuria as well 
as predicting the onset of persistent microalbu-
minuria within 1.5–4 years [23,24]. Therefore, in 
a percentage of subjects with diabetes, and espe-
cially in the presence of risk factors associated to 
diabetic nephropathy, the alteration documented 
during the second stage persists and determines 
the progression to the following stage.

The third stage, also called incipient nephropa-
thy, typically, develops approximately 7–10 years 
after diagnosis [16]. This stage is determined by 
the presence of microalbuminuria, defined as 
an albumin excretion rate of 30–300  mg in 
24-h urine collection or 20–200 µg/min in a 
24-h or timed urine collection, and by more 
profound structural changes. Although these 
two definitions are the most used in childhood, 
other definitions of microalbuminuria have also 
been reported such as: an albumin/creatinine 
ratio in spot urine of 2.5–25  mg/mmol and 
of 3.5–25  mg/mmol, in males and females, 
respectively, or an albumin/creatinine ratio of 
30–300 mg/g in spot urine or an albumin con-
centration of 30–300 mg/l in an early morning 
urine sample [9,25–27]. 

The third phase has also been shown to be 
reversible. In fact, regression to normoalbumin-
uria has been reported in 31–58% of adult patients 
with Type 1 diabetes [14,28] and in approximately 
40–50% of adolescents with Type  1 diabetes 
[29–31]. Several factors strongly influence the evolu-
tion of microalbuminuria later on, after its deter-
mination. In particular, regression to normoalbu-
minuria has been associated with better metabolic 
control and a better lipid and blood pressure pro-
file, as well as with non-modifiable factors, such 
as younger age and shorter duration of microalbu-
minuria [14,28]. By contrast, poor metabolic control 
early or later in the course of diabetes [29,32–34], as 
well as initial albumin excretion rate or substan-
tial albumin excretion rate increase, initial systolic 
or mean blood pressure, and older age or longer 
diabetes duration, has been shown to be a strong 

predictor of progression [32,34]. However, in child-
hood in particular, a single measurement of albu-
min excretion is not considered to be appropri-
ate to define the presence and progression of this 
early alteration of the kidney, the method of its 
determination in particular, has been considered 
to be of foremost importance. In fact, the data 
available to date show that the prognostic value of 
an elevated albumin excretion rate in a single (in 
particular random) urine sample is limited, and a 
single value in the microalbuminuria range only 
conveys a 40% chance of indicating persistent 
microalbuminuria in children and adolescents 
[35]. The persistence of elevated albumin excretion 
rate over time is strongly unstable, progressing to 
persistent microalbuminuria in 40–50% of these 
patients; by contrast the other 30–60% of cases 
show microalbuminuria only intermittently, and 
approximately 20% will never develop microal-
buminuria again [36–39]. Nevertheless, in adoles-
cents with transient microalbuminuria the clinical 
significance of intermittent microalbuminuria is 
largely unknown. Some of these patients may still 
progress to diabetic nephropathy in the presence of 
unfavorable conditions [40], or develop persistent 
microalbuminuria within 3 years [41]. By contrast, 
in some subjects, regression to normoalbuminuria 
is not achieved and if microalbuminuria (defined 
as an albumin excretion rate of 20–200 µg/min 
or 30–300 mg/24 h) is detected in a minimum of 
two out of three urine samples collected consecu-
tively, preferably within a 3–6‑month period, they 
progress to a phase termed persistent (permanent) 
microalbuminuria [25]. 

The fourth stage is marked by the onset 
of dipstick-positive albuminuria, commonly 
defined as macroalbuminuria. This stage is 
commonly associated with the presence of other 
microvascular complications, particularly reti-
nopathy. Renal function begins to deteriorate 
during this stage, with initial normalization and 
then a decline in the previously elevated GFR, 
plus the development of systemic hyperten-
sion. Stages 3 and 4 are amenable to interven-
tion to achieve meticulous diabetes control and 
amenable to the use of angiotensin-converting 
enzyme (ACE) inhibitors and other antihyper-
tensive agents [20,42]. Interestingly, although no 
difference is documented on the rate of progres-
sion of microalbuminuria to macroalbuminuria 
between children and adults with Type 1 diabe-
tes, in children macroalbuminuria occurs at an 
earlier age [28,43]. The ORPS cohort showed that 
the cumulative prevalence of macroalbuminuria 
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was 13.9% after 19 years of diabetes duration 
[30], which is similar to the 14.6% prevalence 
reported in a similar inception cohort in adults 
[28]. Therefore, these data strongly suggest that 
progression is related to the duration of diabetes 
regardless of the age at onset. Characteristically, 
in patients with Type 2 diabetes the overall risk 
for progression from normoalbuminuria to pro-
teinuria is similar to that seen in Type 1 diabetes 
patients – approximately 10% in 10 years [44]. 
The UKPDS found that progression from nor-
moalbuminuria to microalbuminuria occurred 
at a rate of 2% per year, from microalbuminuria 
to proteinuria at 2.8% per year and from pro-
teinuria to serum creatinine level of 175 µmol/l 
or end-stage renal disease at 2.3% per year [45].

The final stage is end-stage renal disease, 
which usually takes 5–10  years to develop 
after the appearance of overt proteinuria 
(albumin/creatinine ratio ≥300 mg/g; albumin 
excretion rate of ≥200 µg/min). The outcome 
of patients with diabetes who enter dialysis and 
transplantation programs is poorer than the out-
come of their nondiabetic peers [46]. In Pima 
Indian adolescents, there is a high prevalence 
of microalbuminuria (22%) and hypertension 
(18%) at diagnosis [45], with progression of renal 
impairment manifested by microalbuminuria 
in 60%, and proteinuria in 17% between 20 
and 29 years of age. Of note is that subjects 
with an onset of diabetes before 20 years of age 
have a roughly fivefold increased incidence of 
end-stage renal disease between 25 and 54 years 
of age compared with a later onset of the dis-
ease [6]. The higher risk of a worse progression 
related to an early onset of Type 2 diabetes in 
childhood has been further confirmed in stud-
ies in the American and Japanese Population 
[47,48]. In Manitoba and Northwestern Ontario, 
follow-up data in youth diagnosed with Type 2 
diabetes before the age of 17 years revealed high 
rates of mortality (9%), end-stage renal disease 
(6.3%), pregnancy loss (38%) and other com-
plications only 15 years after diagnosis [47]. In 
addition, 60% of Japanese people who develop 
Type  2 diabetes before the age of 30  years, 
develop diabetic nephropathy at a mean age of 
31 years with 23% developing end-stage renal 
disease at a mean age of 35 years [48]. Taken 
together, in adolescents with Type 2 diabetes 
it is well defined that microalbuminuria is not 
rare at the time of diagnosis, and the rate of pro-
gression of microalbuminuria and nephropathy 
seems to be rapid. After 5–10 years of diabetes, 

microalbuminuria and overt diabetic nephropa-
thy is found in 18–72% and 5–27% of patients, 
respectively. Furthermore, contrary to the 
declining incidence of nephropathy in Type 1 
diabetes patients, in those with Type 2 diabetes, 
the incidence remains persistently high [49]. In 
addition, in contrast to what shows in subjects 
with Type 1 diabetes, morphology of kidney dis-
ease in Type 2 diabetes is less uniform, with only 
approximately 40% of patients having micro-
albuminuria or proteinuria showing typical 
diabetic glomerulopathy, whereas the remain-
ing patients have minimal structural changes 
or a combination of diabetic and hypertensive/
atherosclerotic lesions [50,51].

In addition, to this often used classification, 
a report from the National Kidney Foundation’s 
Kidney Disease Outcomes Quality Initiative 
to improve the detection and management of 
chronic kidney disease (CKD) has been pub-
lished. This guideline aimed to define CKD irre-
spective of the type of kidney disease (diagnosis) 
and proposed a five-stage classification system 
[52,53]. One of the advantages of this classification 
is the minor relevance associated to the time of 
events. In fact, using time as the driving fac-
tor is rather simplistic, as many of the hemo
dynamic, histopathologic and clinical aspects are 
not clearly time limited and may overlap [26,52].

According to these guidelines to improve the 
detection and management of CKD, the pres-
ence of CKD should be established based on the 
presence of kidney damage and level of kidney 
function (GFR), irrespective of diagnosis [52,53].
CKD is defined as either kidney damage or GFR 
<60 ml/min/1.73 m2 for ≥3 months. Among indi-
viduals with CKD, the five stages are defined by 
the level of GFR, with higher stages representing 
lower GFR levels, as reported in Table 1. In partic-
ular, stage one is defined by the presence of kid-
ney damage (defined as pathologic abnormalities 
or markers of damage, including abnormalities in 
blood or urine tests, or imaging studies) with a 
normal or increased GFR (≥90 ml/min/1.73 m2). 
Similarly, stage two is defined by the presence 
of kidney damage with a mild decrease of GFR 
(60–89 ml/min/1.73 m2). Stage three and four are 
defined by a moderate (30–59 ml/min/1.73 m2) 
or severe (15–29 ml/min/1.73 m2) reduction of 
of GFR, respectively. Finally stage five is defined 
by the development of kidney failure (GFR 
<15 ml/min/1.73 m2 or dialysis) [26,52]. Of note, 
it is well known that the correct interpretation of 
GFR values in individual patients, especially in 
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children and adolescents, requires a clear under-
standing that the normal level of GFR varies 
according to age, gender and body size. The 
normal GFR in young adults is approximately 
120–130 ml/min/1.73 m2, whereas the normal 
level of GFR is much lower than this in early 
infancy, even when corrected for body surface 
area, and subsequently increases in relationship to 
body size for up to 2 years [54]. Hence, the GFR 
ranges that are used to define the five CKD stages 
in Table 1 apply only to children 2 years of age 
and above. However, the normal range of GFRs 
at different ages are: 1 week (males and females) 
41 ± 15 ml/min/1.73 m2; 2–8 weeks (males and 
females) 66 ± 25 ml/min/1.73 m2; >8 weeks (males 
and females) 96 ± 22 ml/min/1.73 m2; 2–12 years 
(males and females) 133 ± 27 ml/min/1.73 m2; 
13–21 years (males) 140 ± 30 ml/min/1.73 m2; and 
13–21 years (females) 126 ± 22 ml/min/1.73 m2 [26,52].

Main histological changes in the kidney in 
Type 1 & 2 diabetes
Therefore, most children with diabetes are in a 
clinically silent phase when histological changes 
are developing without evidence of kidney dys-
function [55,56]. Several groups have attempted 
to characterize structure changes in the kidney 
of youths with diabetes. However, most of the 
information available on kidney biopsy presents 
an important limitation related to the research 
based on clinical instead of protocol biopsies. In 
fact, since persons biopsied for clinical reasons 
often present atypically, their structural findings 
may frequently reflect nondiabetic diseases. In 
protocol biopsies, persons are not selected for 
atypical diabetes, so the frequency of nondiabetic 
disease as a cause of kidney damage may be less. 

A complete characterization of the complex 
histological changes related to Type  1 and 
Type 2 diabetes have been reviewed by Najafian 
et al. and Diez-Sampedro et al., in two recent 
reviews [57,58]. As described in these two reviews, 
several reports have documented that although 
similar, some renal lesions underlying renal 

dysfunction in subjects with Type 1 and Type 2 
diabetes may differ. In fact, although tubular, 
interstitial and arteriolar lesions are ultimately 
present in Type 1 diabetes, as the disease pro-
gresses, the most important structural changes 
involve the glomerulus. By contrast, a substan-
tial subset of Type 2 diabetic patients, despite 
the presence of microalbuminuria or protein-
uria, have normal glomerular structure with 
or without tubule-interstitial and/or arteriolar 
abnormalities [57]. Of note, in both conditions, 
podocyte alterations have been shown to play a 
crucial role, representing a major current target 
for potential intervention [58].

In subjects with Type 1 diabetes, the morpho-
logic lesions predominantly affect the glomeruli. 
These are characterized by thickening of the glo-
merular basement membrane, detected as early 
as 1.5–2.5 years after the onset of Type 1 diabe-
tes, and mesangial expansion, that progressively 
became diffuse [57]. Substantial changes are also 
documentable for the podocytes, renal tubules, 
interstitium and arterioles, especially at later 
stages of disease. Glomerular basement mem-
brane thickening is closely followed by thicken-
ing of the tubular basement membrane, imply-
ing that glomerular hemodynamic perturbations 
are not required for these changes to occur [57]. 
Thereafter, these structural changes do not nec-
essarily develop at the same rate in individual 
patients. Afferent and efferent arteriolar hyalino-
sis may be present within a few years after dia-
betes onset and correlated significantly with the 
percentage of sclerosed glomeruli. Abnormalities 
of the glomerular–tubular junction are late 
manifestations of the disease, predominantly in 
patients with proteinuria, with focal adhesions, 
obstruction of the proximal tubular take-off from 
the glomerulus and detachment of the tubule 
from the glomerulus (a tubular glomerulus) [57].

These various lesions of diabetic nephro
pathology progress at varying rates within and 
between Type 1 diabetes patients, and, this is 
even more the case in Type 2 diabetes. In fact, 

Table 1. Stages of chronic kidney disease.

Stage Description GFR (ml/min/1.73 m2)

1 Kidney damage with normal or ↑ GFR ≥90
2 Kidney damage with mild ↓ GFR 60–89
3 Moderate ↓ GFR 30–59
4 Severe ↓ GFR 15–29
5 Kidney failure <15 (or dialysis)
GFR: Glomerular filtration rate.
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the situation in Type 2 diabetes is more complex, 
explaining most of the studies heterogeneity in 
renal structure among these patients. Often, 
only a minority had diabetic nephropathy pat-
terns typical of those seen in Type 1 diabetes 
patients, the remaining patients had mild or 
absent diabetic glomerulopathy with or with-
out tubule–interstitial, arteriolar and global 
glomerulosclerosis changes [57]. 

The podocyte has become a crucial focus as a 
target for interventions in CKD as well in dia-
betic nephropathy owing to its key roles in regu-
lating glomerular permeability and maintaining 
glomerular structure through interactions with 
other glomerular parenchymal cells, including 
endothelial cells [58]. Although it is well known 
that podocyte foot process width increases and 
slit pore length per basement membrane surface 
area decreases with increasing urinary protein 
excretion in diabetes, recent studies have docu-
mented that podocyte shape changes, albeit 
subtle, are already present in normoalbuminuric 
young Type 1 diabetes subjects, perhaps consist-
ent with an early role for this cell in the patho-
genesis of diabetic glomerulopathy [58]. Of note 
is that detachment of podocyte from basement 
membrane worsens with increasing albuminu-
ria and could be responsible for podocyte loss 
and decreased podocyte number. In addition, 
decreased podocyte number in patients with 
normal albumin excretion rate, thus suggesting 
that diabetes per se, may adversely affect podocyte 
reproduction, survival or both [58]. Low podo-
cyte number and increased foot process width 
has also been described in proteinuric subjects 
with Type 2 diabetes. Of note is that evidence has 
suggested that podocytes probably have limited 
capacity to replicate. Podocyte loss, along with the 
increase in glomerular volume that may occur in 
diabetes, would require the residual podocytes to 
cover a larger area of glomerular basement mem-
brane. This might facilitate podocyte detach-
ment, resulting in bare glomerular basement 
membrane areas with consequent proteinuria. 
Moreover, these areas of detachment could ini-
tiate adhesions and potential starting points for 
glomerular–tubular junction and focal or global 
glomerular sclerosis [58].

Biochemical mechanisms associated to 
glucose toxicity
Several biochemical mechanisms accountable 
for the development of glucose-related toxicity 
have been proposed in the natural history of 

diabetic nephropathy, both in young subjects 
with Type 1 and Type 2 diabetes, presenting the 
last ones some supplementary particularities.

Over the last few decades, studies have 
demonstrated that intracellular hyperglycemia 
results in a relevant and pathological activation 
of four major metabolic pathways: increased 
glucose flux through the polyol–sorbitol path-
way; the hexosamine pathway; formation of 
advanced glycation end products; and activation 
of protein kinase C [59,60]. Although, apparently 
different, further research has documented that 
a common hyperglycemic-dependent pathway 
is involved in each of these metabolic cascade. 
In fact, according to the unifying theory pro-
posed by Brownlee and colleagues [59], under 
hyperglycemic conditions human cells develop 
an accumulation of glycolysis pathway inter-
mediates as a consequence of the overproduc-
tion of reactive oxygen radicals generated in 
particular by mitochondrial uncoupling and 
the subsequent activation of poly(ADP-ribose) 
polymerase and the inhibition of the glycolysis 
enzyme D-glyceraldehyde-3-phosphate dehy-
drogenase. Therefore, as long as intracellular 
hyperglycemia persist, reactive oxygen radi-
cal production copiously increases inducing 
a direct reactive oxygen radicals-dependent 
toxic action on the cell. In addition to the 
direct toxic effect, the continuously produced 
glycolysis pathway intermediates are shunted 
through the four main biochemical pathways 
resulting in several cellular damages [59,60]. 
Although, in young subjects with Type 2 dia-
betes all these hyperglycemia-related pathways 
are also activated, especially in the presence of 
chronic increase of blood glucose, and most of 
the metabolic alterations associated to obesity 
could play an additional risk factor able to sig-
nificantly increase the damages in kidney [61]. 
In fact, in young subjects Type 2 diabetes is 
mainly associated with obesity [61]. In addition, 
childhood obesity has been associated with 
several consequences, including hypertension, 
dyslipidemia, hormonal alterations, insulin 
resistance and fatty liver disease, which are 
well known risk factors for the development of 
diabetic nephropathy [61]. 

Risk factors for kidney disease in 
childhood diabetes
Several factors have been shown to stimulate and 
influence progression of the molecular pathway 
implicated in the natural history of kidney 
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disease in young subjects with diabetes. Most 
of the available information defining risk fac-
tors for diabetic nephropathy mainly relate to 
children and adolescents with Type 1 diabetes; 
while limited information are available in young 
subjects with Type 2 diabetes. However, stud-
ies in adults have identified several risk factors 
that appear to mimic those identified in subjects 
with Type 1 diabetes and could potentially be 
extended to the youngest age [62,63].

Identification of modifiable or not risk fac-
tors of microvascular complications is crucial 
for the early implementation of preventive and 
therapeutic strategies, which could change the 
course of vascular complications and improve 
the prognosis of children, adolescents and young 
adults with diabetes. Among the recognized risk 
factors associated with diabetic nephropathy, 
some are clearly not modifiable, such as dura-
tion of diabetes, puberty, age at onset, family 
history of diabetic complications, including 
genetic factors, and race/ethnicity (Box 1). By 
contrast, glycemic (metabolic) control, higher 
blood pressure, smoking, hyperlipidemia, mater-
nal diabetes, intrauterine exposure, pregnancy, 
infections, nutrition, obesity and social status are 
unquestionably modifiable and therefore notably 
need be identified in order to activate all highly 
effective interventions available to date (Box 1). 

�� Glycemic control
As was definitively established by data from the 
DCCT and the EDIC, glycemic control repre-
sents one of the most important factors related to 
the development and severity of complications in 
subjects with diabetes [64–66]. In the adolescent 
cohort of the DCCT, improved metabolic con-
trol, achieved by intensive insulin therapy, has 
been shown to reduce the occurrence of micro-
albuminuria and proteinuria by 39 and 54%, 
respectively [64,66]. In addition, the benefit of 
better metabolic control also extends beyond the 
period of its intense implementation and even 
if differences in metabolic control between the 
intensively and conventionally treated groups 
were abolished later on [65]. Similarly, in patients 
with early-onset Type 2 diabetes, HbA1c is a 
relevant risk factor for microalbuminuria being 
the incidence of diabetic nephropathy increased 
with the increasing mean HbA1c level in a 
dose-dependent manner [67,68]. 

Although there is strong evidence describing 
the role of metabolic control in limiting the devel-
opment and progression of diabetic nephropathy, 

recent reports mainly in adults subjects, includ-
ing the ACCORD [69], the ADVANCE [70] and 
the VADT [71] have provided a note of caution. 
In fact, results from these trials documented that 
high-risk patients with Type 2 diabetes have not 
shown a benefit from intensive control in reduc-
ing cardiovascular risk over a rather short-term 
follow-up period of up to 5 years, with some 
data indicating that intensive control accompa-
nied by hypoglycemia is detrimental in patients 
with high cardiovascular risk. In addition, since 
none of the studies evaluate metabolic control in 
youth-onset Type 2 diabetes, a note of caution 
may be warranted about extrapolation of these 
findings to a youthful Type 2 diabetic popula-
tion. Therefore, new data are needed in order to 
firmly define these aspects in the preventive strat-
egies aimed to optimize the metabolic control in 
children and adolescents with Type 2 diabetes.

�� Plasma lipids & blood pressure
Dyslipidemia, as well as alteration in blood pres-
sure and its circadian rhythm, has been shown 
to significantly influence the risk of diabetic 
nephropathy in young subjects with Type 1 or 
Type 2 diabetes.

In a recent report, high-density lipoprotein 
(HDL) concentrations have been documented 
as playing a relevant role in defining the risk 
of micro- and macro-albuminuria [72]. In a 
group of children and adolescents with persis-
tent abnormal urinary albumin excretion dur-
ing a follow-up period of 13.1  years, Salardi 
et  al. clearly showed significantly persistent 
decreased HDL concentration compared with 
normoalbuminuric subjects [72].

In the DCCT and the EDIC, higher total 
and low-density lipoprotein (LDL) cholesterol 
as well higher triglyceride levels were associated 
with development of microalbuminuria [73]. 
Confirming results were reported in the adoles-
cent cohort from the NFS, in which total choles-
terol during puberty was significantly associated 
with albumin excretion and the development of 
microalbuminuria [74]. Similarly, in adolescents 
with recent-onset Type 2 diabetes and microal-
buminuria, significantly higher LDL cholesterol 
and triglyceride levels have been documented 
compared with those with Type 2 diabetes and 
normoalbuminuria or healthy controls [67,75].

In adolescents with Type  1 diabetes, an 
increase of blood pressure has been found to 
precede or occur concomitant with the appear-
ance of microalbuminuria [76]. In addition, data 



Early signs of diabetic nephropathy in childhood  Review

future science group www.futuremedicine.com 345

from the adolescent cohort of the NFS, showed 
that increases in daytime diastolic blood pressure 
emerged to be predictive of the future develop-
ment of microalbuminuria [77]. In addition, in 
young subjects with Type 1 diabetes, alteration 
in the nocturnal dipping phenomenon, mainly 
characterized by an increase of blood pressure dur-
ing sleep, has been shown to precede the develop-
ment of microalbuminuria and also to be related 
to more relevant morphological changes in the 
kidney [78,79]. Blood pressure abnormalities are 
often described in young patients with Type 2 
diabetes and also related to the risk of diabetic 
nephropathy. In particular, both diastolic and 
systolic blood pressure, as monitored by the 24‑h 
ambulatory blood pressure measurements, have 
a significant predictive effect on development 
of diabetic nephropathy [67]. In addition, higher 
daytime average systolic and diastolic blood pres-
sure and higher daytime systolic and diastolic 
load have been shown in adolescents with Type 2 
diabetes and microalbuminuria compared with 
age-matched peers without microalbuminuria or 
healthy subjects [75]. In addition, these alterations 
in blood pressure are associated with a higher noc-
turnal blood pressure and load [75]. These differ-
ences in ambulatory blood pressure measurements 
were found in the absence of significant differ-
ences in casual blood pressure, demonstrating that 
ambulatory blood pressure measurements may be 
a more sensitive tool than office blood pressure 
checks [75].

�� Cigarette smoking 
According to findings in adulthood, smok-
ing history has been recognized as a relevant 
and preventable predictor of renal disease [80]. 
Compared with smokers, nonsmokers had sig-
nificantly reduced risk of developing micro
albuminuria or established nephropathy both 
in childhood-onset and adult-onset patient 
groups  [80]. In young subjects with diabetes, a 
correlation between cigarette smoking and albu-
min excretion rate, independent of age and other 
variables, has also been reported [81]. Compared 
to nonsmokers, young smokers with diabetes 
have also been documented to present a higher 
baseline GFR and a tendency for a larger decline 
in GFR later on [82].

�� Duration of disease & impact of puberty
Duration of diabetes is recognized as an 
important contributor to diabetic nephropa-
thy and other diabetes-related complications in 

adults  [83,84]. In people with childhood-onset 
Type  1 diabetes, microalbuminuria is often 
detected during puberty [85], with a cumula-
tive prevalence of approximately 10–25% after 
5–10 years of diabetes duration [29,30] and up 
to 50% after 19 years of diabetes duration [30]. 
Relevant differences have been reported between 
young patients with Type 1 and Type 2 diabe-
tes. In fact, a significantly higher rate of micro-
albuminuria has been reported in youths with 
Type 2 diabetes compared with their peers with 
Type 1 diabetes (28 vs 6%), despite a shorter 
diabetes duration. Data evaluating differences 
in the incidence of nephropathy between indi-
viduals with Type  1 and Type  2 diabetes in 
Japanese patients with early-onset diabetes mel-
litus [86], showed that in those subjects with a 
diagnosis of the disease between 0–9 years, the 
incidence of nephropathy is 25.5 and 4.87 per 
1000 person-years for children with Type 2 and 
Type 1 diabetes, respectively. While the inci-
dence reported for those diagnosed at the age 
of 10–19 years was 12.44 and 6.63 per 1000 
person-years, respectively. The higher incidence 
of nephropathy in patients with Type 2 diabe-
tes held true even when accounting for dura-
tion of disease (after 5–9 years, the incidence 
in individuals with Type 1 and 2 diabetes was 
0.75 and 8.26 per 1000 person-years, respec-
tively). Altogether, the cumulative incidence 
of nephropathy after 30 years of post-pubertal 
diabetes was significantly higher for Type  2 

Box 1. Risk factors associated with diabetic 
nephropathy.

Not modifiable
�� Duration of diabetes
�� Puberty
�� Age at onset
�� Family history of diabetic complications
�� Family history of insulin
�� Resistance, Type 1 and 2 diabetes
�� Genetic factors
�� Race/ethnicity

Modifiable
�� Glycemic (metabolic) control
�� Higher blood pressure
�� Smoking
�� Hyperlipidemia
�� Intrauterine exposure
�� Obesity
�� Pregnancy 
�� Social status
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(44.4%) than for Type 1 diabetes (20.2%) [86]. 
Relevant information describing the incidence 
of microalbuminuria in young subjects with 
Type 2 diabetes has been reported in studies 
on Pima Indian adolescents. In this population, 
microalbuminuria has been found in 27–40% 
within 5 years after diabetes diagnosis [75,87], and 
the incidence was estimated at 13/1000 person/
year [88]. Similar data have also been reported in 
Australian adolescents (28%) [68]. In a nation-
wide population-based study in Sweden, 16% 
of Type 2 diabetes subjects with disease onset at 
15–34 years of age had microalbuminuria after 
9 years of follow-up [89].

Several reports have clearly documented that 
both pre- [30,90] and post-pubertal [35,36] dura-
tion of diabetes play a major role in the risk of 
vascular complication, although recent reports 
claimed that pre-pubertal duration could be a 
more accurate determinant of the development 
of microvascular complications. 

Kostraba et al. analyzed data regarding the risk 
of diabetes-related mortality in a cohort of 1582 
subjects (mean duration: 12.9 years) and showed 
that the contribution of the pre-pubertal years of 
diabetes to long-term prognosis may be minimal. 
This indicates that the post-pubertal duration of 
Type 1 diabetes may be a more accurate determi-
nant of the microvascular risk [35]. Similar results 
were reported in a subsequent study evaluat-
ing the impact of age at onset on the develop-
ment of end-stage renal disease due to diabetic 
nephropathy in a nationwide population-based 
Swedish cohort with childhood-onset Type 1 
diabetes and with a median duration of disease 
of 21 years [36]. However, discordant results have 
been reported in more recent studies evaluating 
the ORPS cohort. This study showed that pre-
pubertal more than post-pubertal duration of 
disease has been shown to have a major role. In 
fact, patients with Type 1 diabetes from early 
childhood, and especially those diagnosed under 
5 years of age, seem to have slightly delayed onset 
of persistent microalbuminuria during the first 
10–15 years of duration compared with patients 
diagnosed later in childhood or during puberty 
[30,90]. However, this initial protective effect of 
younger age at diagnosis disappears over time. 
After 15 years of diabetes duration, the risk of 
developing microalbuminuria is similar between 
subjects diagnosed with diabetes before 5 years 
of age and those diagnosed between 5 and 
11 years of age or after the age of 11 years [30], 
suggesting that age at the onset of diabetes does 

not influence the overall risk of microalbumin-
uria. Age at onset is also important because sev-
eral factors associated with growth in childhood, 
and especially puberty, have been shown to be 
important factors implicated in the development 
and progression of microvascular complications. 
Particularly, puberty influences the risk of devel-
oping diabetic nephropathy by inducing hyper-
glycemia, as a consequence of the physiological 
decrease in insulin sensitivity experienced at 
this age [64,65,91]. In addition , the hormonal and 
metabolic changes characteristic of this age, as 
well as described renal growth occurring during 
this period of life, represent important factors 
associated with the risk attributed to puberty 
[30,92]. However, an important difference has 
been described between male and female, in 
regards to age at onset of the disease. Of note, 
an increasing difference in renal outcome over 
time between men and women, but only in the 
groups with onset of diabetes at puberty or later 
has been reported in two different study popula-
tions (Swedish and Finnish) [93,94]. In contrast 
to pre-pubertal onset of diabetes, the progres-
sively increasing difference in outcome between 
the genders does not occur. This would seem 
to be strong evidence for microvascular injury 
related to gender occurring at the time of diag-
nosis, if that is at puberty or later. The levels of 
male hormones and other factors that influence 
the development of nephropathy (i.e., glycemia, 
blood pressure and smoking) over many years 
of adult life seem likely to be little different 
between those who developed diabetes before 
puberty and after puberty. Thus, there is a clear 
implication that onset at puberty or later results 
in some form of renal and retinal injury that 
allows the development of microvascular disease 
many years afterwards. 

Finally, recent advances in preventive strat-
egies have provided opportunities to influence 
the duration of diabetes. In fact, as summarized 
in two recent reviews [95,96], several studies 
aimed to restore insulin secretion by modulat-
ing immune assault on the pancreatic beta cell 
system have been performed and most are under-
way. Although not yet ready for clinical use, suc-
cessful trials have been conducted in new-onset 
Type 1 diabetes that demonstrated the utility of 
three experimental agents with disparate modes 
of action (anti-T cell, anti-B cell and costimula-
tion blockade) to preserve insulin secretion. By 
contrast, prevention studies have so far failed 
to produce positive results but have shown that 
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such studies are feasible and have identified new 
promising agents for study. All these new promis-
ing results will significantly change the effects of 
duration of the disease on the onset and progres-
sion of microvascular complications in subjects 
with diabetes.

�� Low birth weight
Birth weight correlates with the number of neph-
rons at birth [97]. It was therefore suggested that 
subjects with a low birth weight, and thereby 
with a congenitally reduced number of neph-
rons, are at an increased risk of postnatal devel-
opment of glomerulosclerosis [98] and glomerular 
and systemic hypertension later in life, a relevant 
risk factor for diabetic nephropathy [99]. In addi-
tion, it has been hypothesized that the same fac-
tors affecting kidneys in utero also impact on 
pancreatic tissue development, thus predispos-
ing infants of low birth weight to an increased 
risk of the subsequent development of diabetes 
and diabetic nephropathy, consistent with the 
so-called ‘thrifty phenotype’ hypothesis [100]. 
However, to date, discordant results have been 
reported regarding the effect of birth weight on 
the risk of diabetic nephropathy in Type 1 dia-
betes, while more convincing data are available 
in Type 2 diabetes. In fact, some studies have 
shown an association or a trend between birth 
weight and diabetic nephropathy in Type 1 dia-
betes [101,102]. By contrast, further reports failed 
to show such an association between birth 
weight and both the onset and progression of 
established diabetic nephropathy in Type 1 dia-
betes [103]. Pima Indian Type 2 diabetic patients 
with a birth weight below 2500 g, and also those 
with a birth weight over 4500 g, were found to be 
at an increased risk of proteinuria [104]. In detail, 
in this study when examined as a continuous 
variable by generalized additive logistic regres-
sion, birth weight had a U-shaped association 
with the prevalence of elevated urinary albu-
minuria, after adjustment for age, sex, duration 
of diabetes, glycosylated hemoglobin and blood 
pressure. The odds of elevated albuminuria in 
subjects of low birth weight was 2.3‑times that 
in subjects of normal birth weight, and the odds 
in subjects of high birth weight was 3.2‑times 
(95% CI: 0.75–13.4) as high [104]. 

�� Genetic & familial factors
Studies reporting significant differences in the 
risk of diabetic complications irrespective of 
glycemic control [105], as well as observations 

of familial clustering of diabetes and diabetic 
nephropathy [106,107], ethnic/race differences [108] 
and genome-wide scan analysis exploring candi-
date genes linked to the evolution of nephropa-
thy [109], strongly support a relevant role of genes 
in diabetic nephropathy. Several candidate genes 
have been shown to be associated with the dis-
ease, but the results have not been consistent 
and most of the genes conferring risk to dia-
betic nephropathy remain to be identified. The 
few genome-wide association scans performed 
for diabetic nephropathy so far in combination 
with improved understanding of the human 
genome have identified novel risk loci (such 
as genes on chromosome 3q) and emphasized 
the importance of performing detailed genetic 
studies across diverse ethnic populations to fully 
unravel the genetic susceptibility to diabetic 
nephropathy [110].

�� Gender
Gender has been shown to play an important 
role in the risk of developing diabetic nephro
pathy and its effect appears to be mainly related 
to the hormonal milieu and differences in insu-
lin sensitivity between males and females [111]. 
In particular, in contrast to what is described 
in adulthood, during adolescence the risk for 
microalbuminuria is higher in female than in 
male subjects with similar glycemic control [30].

Screening
As for most of the microvascular complications 
associated to diabetes, diabetic nephropathy is 
often asymptomatic during early stages, and 
once symptoms develop, it may be difficult 
to reverse. Therefore, several international 
societies (International Society for Paediatric 
and Adolescent Diabetes, American Diabetes 
Association and the US National Kidney 
Foundation) have proposed relevant guidelines 
aimed to detect kidney abnormalities related 
to diabetes early. Although very similar, they 
differ on some practical points, the discussion 
of which is not the aim of the present review. 
However, although differences may be high-
lighted, all these guidelines agree with the con-
cept that repeated screenings for kidney altera-
tions are currently strongly recommended to be 
activated and longitudinally repeated, and in 
particular highlight the importance of initiating 
during early adolescence [25]. In Table 2, infor-
mation mainly from the International Society 
for Paediatric and Adolescent Diabetes has been 
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used. The identification of subjects at risk by 
screening for subclinical signs of complications 
is essential for the early implementation of more 
intensive preventive and therapeutic strategies 
that could change the course of vascular com-
plications and improve the prognosis of people 
with diabetes. Of note, in a recent review the 
controversy associated to the screening for CKD 
in children have been pointed out [112]. In this 
review, Hogg clearly highlighted the importance 
of the inclusion of children and adolescents in 
the mandates for clinical laboratories to report 
eGFRs when serum creatinine is measured [112]. 
In addition, the author clearly showed that 
global consensus has not been reached regarding 
the cost benefit (or even absolute benefit) of uri-
nary screening for proteinuria and other markers 
of CKD in children [112]. This important gap is 
mainly related to the lack of a consensus/ global 
response regarding screening procedures stud-
ies to permit the early identification of children 
with CKD.

In subjects with Type 1 diabetes, screening for 
microalbuminuria should be performed annu-
ally from the age of 11 years in those subjects 
with 2 years of diabetes duration and from the 
age of 9 years in those children with 5 years 
of diabetes duration [25]. Microalbuminuria 
could be evaluated in 24‑h urine collection, or 
in overnight timed urine collections as well as 
albumin–creatinine ratio or albumin concen-
tration on a early morning spot urinary sample 
[25]. However, in children and adolescents, 
the 24‑h or timed urine collections are often 
difficult to collect. Assessing albumin excre-
tion rate in early morning urines is the easiest 
method to carry out in an office setting, and 
it generally provides accurate information [25]. 
Screening before the age of 10 years is not gen-
erally recommended given the low prevalence 
of nephropathy in pre-pubertal children and 

should be repeated annually. Of note, accord-
ing to the International Society for Paediatric 
and Adolescent Diabetes guidelines the presence 
of microalbuminuria need to be confirmed by 
finding two or all three samples abnormal over 
a period of 3–6 months in order to avoid con-
founding factors related to para-physiological 
increases of albumin excretion rate, which are 
relatively common in childhood [25]. Among 
them, exercise represents one of the most impor-
tant as it is associated with increasing albumin 
excretion rate in nondiabetic individual as well 
as markedly pronounced effects in those sub-
jects with diabetes. Even moderate exercise may 
interfere with the interpretation of data [41]. In 
addition, particularly in young subjects with 
short diabetes duration an accurate definition of 
persistently elevated albumin excretion rate val-
ues, requires a proper evaluation of other causes 
of albuminuria, such as immunoglobulin A or 
other types of nephritis common in childhood. 

In subjects with childhood-onset Type 2 dia-
betes, screening for microalbuminuria should 
begin as early as the time of diagnosis [9,27,113]. 
This is of paramount importance owing to the 
insidious onset of metabolic syndrome and tran-
sition to Type 2 diabetes and the considerable 
number of patients with microalbuminuria pres-
ent at diagnosis [68,114,115]. Screening should also 
continue annually thereafter, as for adult patients 
[9,27,113]. GFR should be assessed as described for 
patients with Type 1 diabetes [27,116]. 

Although indications for ambulatory blood 
pressure measurement in the clinical practice 
are still ill defined, the clear association between 
impaired blood pressure regulation and the risk 
of diabetic nephropathy show the need for regu-
lar measurements (Table 2) [117]. Blood pressure 
should be measured at least annually and deter-
mined using an appropriately sized cuff with 
the patient relaxed and seated. Confirmation of 

Table 2. Screening recommendations for diabetic nephropathy in subjects with Type 1 and 2 diabetes.

Children and 
adolescents

Frequency and methods

When to start Nephropathy Blood pressure Lipids

Type 1 diabetes At the age of 11 years 
with 2‑year Type 1 
diabetes duration or 
from the age of 9 years 
with 5-year diabetes 
duration

Annual evaluation of 
Albumin:creatinine ratio 
in a spot urine sample or 
albumin excretion rate in 
24-h or overnight urine 
collection

Annually using an 
appropriately sized cuff 
and age-appropriate 
percentile charts.
Confirmation of 
hypertension may 
be assisted by 24‑h 
ambulatory blood 
pressure measurements

In subjects older than 12 years and 
without family history of diabetes, 
soon after diagnosis and every 
5 years thereafter.
If dyslipidemia is documented 
annual monitoring is recommended

Type 2 diabetes At diagnosis
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hypertension may be assisted by 24‑h ambulatory 
blood pressure measurements and, if elevated 
blood pressure is confirmed, nondiabetes-asso-
ciated causes of hypertension should be excluded. 
It is of paramount importance that, in children 
and adolescents, blood pressure values should be 
compared with age-appropriate percentile charts 
[118]: hypertension is defined as an average sys-
tolic or diastolic blood pressure ≥95th percen-
tile for age, gender and height percentile and 
‘high-normal (‘prehypertension’) blood pressure 
defined as an average systolic or diastolic blood 
pressure ≥90th but ≤95th percentile for age, gen-
der and height percentile, both measured on at 
least 3 separate days. These levels correspond to 
≤140/90 and 130/80 mmHg in adults, respec-
tively. According to guidelines, blood pressure 
should be maintained at <95th percentile for age 
in all children with hypertension [118]. 

According to the International Society 
for Paediatric and Adolescent Diabetes and 
American Diabetes Association guidelines, 
screening for fasting blood lipids should be 
performed soon after diagnosis in all children 
with Type 1 diabetes older than 12 years and 
repeated every 5  years, if normal results are 
obtained (Table 2) [25,27,116]. If there is a family 
history of hypercholesterolemia or early CVD, 
or if the family history is unknown, screening 
should start at 2  years of age. In this group, 
if values fall to within the accepted risk levels 
(LDL-C ≤100 mg/dl), a lipid profile should be 
repeated every 5 years. In prepubertal children, 
if the family history is not of concern, initial 
lipid screening should be performed at puberty 
(≥12 years) [25,27,116]. Screening for dyslipidemia 
by complete lipid profile evaluation, as well as 
all other risk factors for cardiovascular disease 
[27,113,116] are also recommended at diagnosis of 
Type 2 diabetes and repeated every 2–5 years, 
depending on other risk factors [27,116]. By con-
trast, if dyslipidemia is documented annual 
monitoring is recommended [27].

Pharmaceutical intervention
Clear guidelines for ACE inhibitor treatment 
in adult subjects with microalbuminuria, both 
normo- and hyper-tensive, are available [27]. 
ACE inhibitors reduce progression and increase 
regression to normoalbuminuria, with a long-
lasting (8-year) effect. ACE inhibitors are the 
treatment of choice in adults with microalbu-
minuria, to date there is no universal recommen-
dation for the use of these agents in children and 

adolescents. Small studies performed in youths 
with Type  1 diabetes and microalbuminuria 
have confirmed the efficacy of ACE inhibitors 
[119]. However, from these studies it is difficult 
to draw definitive conclusions especially in the 
long term. Results from new undergoing stud-
ies [120], will surely offer relevant information 
on the effectiveness and safety of ACE inhibitor 
therapeutic opportunities in young subjects with 
diabetes.

Most relevant areas of controversy 
& growing points
Although in adults with diabetes and diabetic 
nephropathy, treatment with antihypertensive 
drugs and statins is increasingly common, there 
are no definitive indications for treatment with 
these drugs in children and adolescents with 
early signs of complications. Ongoing studies 
characterizing these relevant gaps in childhood 
will be available soon. In addition, there is grow-
ing interest in the development of new preventive 
and therapeutic strategies targeting specific path-
ways implicated in the pathogenesis of microvas-
cular complications. These include inhibitors of 
aldose reductase, inhibitors of protein kinase C, 
antagonists of advanced glycation end-products, 
glycosaminoglycans, inhibitors of growth factors 
and antioxidants. To date, there are no defini-
tive data to recommend the use of these new 
potential therapies but the overall objective of 
targeting specific metabolic and hemodynamic 
pathways implicated in the pathogenesis of dia-
betic microvascular complications could lead to 
validation of these classes of drugs and discovery 
of novel pharmaceuticals.

Conclusion
Both childhood onset of Type 1 and 2 diabe-
tes are clearly associated to an increased risk of 
development and progression of kidney disease 
later on in life. The health and social burden 
of diabetes nephropathy are exponentially 
increased by the constant and alarming increase 
of the incidence of both Type 1 and 2 diabetes. 
Although diabetic kidney alterations are often 
asymptomatic during their early stages, there is 
clear evidence that their pathogenesis and early 
signs develop during childhood and accelerate 
during puberty. Therefore, pediatric health care 
professionals ought to understand about natural 
history, risk factors and methods for screening of 
diabetic nephropathy. Identification of risk fac-
tors and subclinical signs of complications need 
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to be achieved early during adolescence and, in 
the case of Type 2 diabetes, at diagnosis, and 
represent essential tools for the early implemen-
tation of preventive and therapeutic strategies. 
Finally, characterization of new and effective 
therapeutic possibilities for preventing both the 
onset and progression of diabetic nephropathy in 
children could robustly change the burden and 
the natural course of kidney disease in children 
and adolescents with Type 1 and 2 diabetes.

Financial & competing interests disclosure
The authors have no relevant affiliations or financial 
involvement with any organization or entity with a finan-
cial interest in or financial conflict with the subject matter 
or materials discussed in the manuscript. This includes 
employment, consultancies, honoraria, stock ownership or 
options, expert testimony, grants or patents received or 
pending, or royalties.

No writing assistance was utilized in the production of 
this manuscript.

References
Papers of special note have been highlighted as:
n	 of interest
n  n	 of considerable interest

1	 Soltesz G, Patterson Cc, Dahlquist G. 
Worldwide childhood Type 1 diabetes 
incidence – what can we learn from 
epidemiology? Pediatr. Diabetes 8(Suppl. 6), 
6–14 (2007).

2	 Patterson Cc, Dahlquist Gg, Gyurus E, 
Green A, Soltesz G. Incidence trends for 
childhood Type 1 diabetes in Europe during 
1989–2003 and predicted new cases 
2005–2020: a multicentre prospective 
registration study. Lancet 373(9680), 
2027–2033 (2009).

3	 Dabelea D, Bell Ra, D’Agostino Rb Jr et al. 
Incidence of diabetes in youth in the United 
States. JAMA 297(24), 2716–2724 (2007).

4	 Gungor N, Hannon T, Libman I, Bacha F, 
Arslanian S. Type 2 diabetes mellitus in 
youth: the complete picture to date. Pediatr. 
Clin. North Am. 52(6), 1579–1609 (2005).

5	 Singh R, Shaw J, Zimmet P. Epidemiology of 
childhood Type 2 diabetes in the developing 
world. Pediatr. Diabetes 5(3), 154–168 
(2004).

6	 Pavkov Me, Bennett Ph, Knowler Wc, 
Krakoff J, Sievers Ml, Nelson RG. Effect of 
youth-onset Type 2 diabetes mellitus on 
incidence of end-stage renal disease and 
mortality in young and middle-aged Pima 
Indians. JAMA 296(4), 421–426 (2006).

7	 Harder T, Roepke K, Diller N, Stechling Y, 
Dudenhausen Jw, Plagemann A. Birth 
weight, early weight gain, and subsequent risk 
of Type 1 diabetes: systematic review and 
meta-analysis. Am. J. Epidemiol. 169(12), 
1428–1436 (2009).

8	 Hasslacher C, Ritz E, Wahl P, Michael C. 
Similar risks of nephropathy in patients with 
Type I or Type II diabetes mellitus. Nephrol. 
Dial. Transplant. 4(10), 859–863 (1989).

9	 Gross Jl, De Azevedo Mj, Silveiro Sp, 
Canani Lh, Caramori Ml, Zelmanovitz T. 
Diabetic nephropathy: diagnosis, prevention, 

and treatment. Diabetes Care 28(1), 164–176 
(2005).

10	 Narayan Km, Boyle Jp, Thompson Tj, 
Sorensen Sw, Williamson Df. Lifetime risk 
for diabetes mellitus in the United States. 
JAMA 290(14), 1884–1890 (2003).

11	 Lemley Kv. Diabetes and chronic kidney 
disease: lessons from the Pima Indians. 
Pediatr. Nephrol. 23(11), 1933–1940 (2008).

12	 Stewart Jh, Mccredie Mr, Williams Sm. 
Divergent trends in the incidence of end-stage 
renal disease due to Type 1 and Type 2 
diabetes in Europe, Canada and Australia 
during 1998–2002. Diabet. Med. 23(12), 
1364–1369 (2006). 

n  n	 Shows that modern prevention has reduced 
progression of nephropathy to end-stage 
renal disease due to Type 1 diabetes. More 
interestingly, in contrast to what is described 
in subjects with Type 1 diabetes, the number 
of end-stage renal disease due to Type 2 
diabetes shows a failure of the measures put 
in place that aim to control the disease-
related complications, thus seeking 
additional effort in prevention strategies in 
this high-risk group.

13	 Giorgino F, Laviola L, Cavallo Perin P, 
Solnica B, Fuller J, Chaturvedi N. Factors 
associated with progression to 
macroalbuminuria in microalbuminuric 
Type 1 diabetic patients: the EURODIAB 
Prospective Complications Study. 
Diabetologia 47(6), 1020–1028 (2004).

14	 Perkins Ba, Ficociello Lh, Silva Kh, 
Finkelstein Dm, Warram Jh, Krolewski As. 
Regression of microalbuminuria in Type 1 
diabetes. N. Engl. J. Med. 348(23), 
2285–2293 (2003).

15	 Nathan Dm, Zinman B, Cleary Pa et al. 
Modern-day clinical course of Type 1 diabetes 
mellitus after 30 years’ duration: the diabetes 
control and complications trial/epidemiology 
of diabetes interventions and complications 
and Pittsburgh epidemiology of diabetes 
complications experience (1983–2005). Arch. 
Intern. Med. 169(14), 1307–1316 (2009).

16	 Mogensen Ce, Christensen Ck. Predicting 
diabetic nephropathy in insulin-dependent 
patients. N. Engl. J. Med. 311(2), 89–93 
(1984).

17	 Mathiesen Er, Ronn B, Storm B, Foght H, 
Deckert T. The natural course of 
microalbuminuria in insulin-dependent 
diabetes: a 10‑year prospective study. Diabet. 
Med. 12(6), 482–487 (1995).

18	 Mogensen Ce, Hansen Kw, Osterby R, 
Damsgaard Em. Blood pressure elevation 
versus abnormal albuminuria in the genesis 
and prediction of renal disease in diabetes. 
Diabetes Care 15(9), 1192–1204 (1992).

19	 Vora Jp, Dolben J, Dean Jd et al. Renal 
hemodynamics in newly presenting 
non-insulin dependent diabetes mellitus. 
Kidney Int. 41(4), 829–835 (1992).

20	 Effect of intensive therapy on the 
development and progression of diabetic 
nephropathy in the Diabetes Control and 
Complications Trial. The Diabetes Control 
and Complications (DCCT) Research Group. 
Kidney Int. 47(6), 1703–1720 (1995).

21	 Schultz Cj, Neil Ha, Dalton Rn, Dunger Db. 
Risk of nephropathy can be detected before the 
onset of microalbuminuria during the early 
years after diagnosis of Type 1 diabetes. 
Diabetes Care 23(12), 1811–1815 (2000).

22	 Steinke Jm, Sinaiko Ar, Kramer Ms, Suissa 
S, Chavers Bm, Mauer M. The early natural 
history of nephropathy in Type 1 diabetes: 
III. Predictors of 5‑year urinary albumin 
excretion rate patterns in initially 
normoalbuminuric patients. Diabetes 54(7), 
2164–2171 (2005).

23	 Couper Jj, Clarke Cf, Byrne Gc et al. 
Progression of borderline increases in 
albuminuria in adolescents with insulin-
dependent diabetes mellitus. Diabet. Med. 
14(9), 766–771 (1997).

24	 Stone Ml, Craig Me, Chan Ak, Lee Jw, 
Verge Cf, Donaghue Kc. Natural history and 
risk factors for microalbuminuria in 
adolescents with Type 1 diabetes: a 
longitudinal study. Diabetes Care 29(9), 
2072–2077 (2006).



future science group www.futuremedicine.com 351

Early signs of diabetic nephropathy in childhood  Review

25	 Donaghue Kc, Chiarelli F, Trotta D, 
Allgrove J, Dahl-Jorgensen K. Microvascular 
and macrovascular complications associated 
with diabetes in children and adolescents. 
Pediatr. Diabetes 10 (Suppl. 12), 195–203 
(2009). 

n  n	 In these Clinical Practice Consensus 
Guidelines from the International Society 
for Pediatric and Adolescent Diabetes 
(ISPAD), the authors clearly and 
exhaustively describe the important role of 
and the appropriate timing for 
microvascular and macrovascular screening 
in children and adolescents with Type 1 
diabetes.

26	 KDOQI Clinical Practice Guidelines and 
Clinical Practice Recommendations for 
Diabetes and Chronic Kidney Disease. 
Am. J. Kidney Dis. 49(2 Suppl. 2), S12–S154 
(2007).

27	 Standards of medical care in diabetes – 2012. 
Diabetes Care 35(Suppl. 1), S11–S63 (2012).

28	 Hovind P Tl, Rossing P, Jensen Br, Graae 
M, Torp I, Binder C, Parving Hh. Predictors 
for the development of microalbuminuria and 
macroalbuminuria in patients with Type 1 
diabetes: inception cohort study. BMJ 328, 
1105 (2004).

29	 Gorman D, Sochett E, Daneman D. The 
natural history of microalbuminuria in 
adolescents with Type 1 diabetes. J. Pediatr. 
134(3), 333–337 (1999).

30	 Amin R, Widmer B, Prevost At et al. Risk of 
microalbuminuria and progression to 
macroalbuminuria in a cohort with 
childhood onset Type 1 diabetes: prospective 
observational study. BMJ 336(7646), 
697–701 (2008). 

n  n	 In this big prospective observational study 
with follow-up for 9.8 (standard deviation: 
3.8) years, authors describe the most 
important predictors for the development of 
microalbuminuria and progression to 
macroalbuminuria in those with 
childhood-onset Type 1 diabetes.

31	 Shield Jp, Hunt Lp, Karachaliou F, 
Karavanaki K, Baum Jd. Is 
microalbuminuria progressive? Arch. Dis. 
Child. 73(6), 512–514 (1995).

32	 Rudberg S, Dahlquist G. Determinants of 
progression of microalbuminuria in 
adolescents with IDDM. Diabetes Care 19(4), 
369–371 (1996).

33	 Bojestig M, Arnqvist Hj, Karlberg Be, 
Ludvigsson J. Glycemic control and prognosis 
in Type I diabetic patients with 
microalbuminuria. Diabetes Care 19(4), 
313–317 (1996).

34	 Twyman S, Rowe D, Mansell P, Schapira D, 
Betts P, Leatherdale B. Longitudinal study of 
urinary albumin excretion in young diabetic 
patients – Wessex Diabetic Nephropathy 
Project. Diabet. Med. 18(5), 402–408 
(2001).

35	 Kostraba Jn, Dorman Js, Orchard Tj et al. 
Contribution of diabetes duration before 
puberty to development of microvascular 
complications in IDDM subjects. Diabetes 
Care 12(10), 686–693 (1989).

36	 Svensson M, Nystrom L, Schon S, Dahlquist 
G. Age at onset of childhood-onset Type 1 
diabetes and the development of end-stage 
renal disease: a nationwide population-based 
study. Diabetes Care 29(3), 538–542 (2006).

37	 Danne T, Kordonouri O, Hovener G, Weber 
B. Diabetic angiopathy in children. Diabet. 
Med. 14(12), 1012–1025 (1997).

38	 Schultz Cj, Amin R, Dunger Db. Markers of 
microvascular complications in insulin 
dependent diabetes. Arch. Dis. Child. 87(1), 
10–12 (2002).

39	 Mullis P, Kochli Hp, Zuppinger K, Schwarz 
Hp. Intermittent microalbuminuria in 
children with Type 1 diabetes mellitus 
without clinical evidence of nephropathy. 
Eur. J. Pediatr. 147(4), 385–388 (1988).

40	 Dahlquist G, Stattin El, Rudberg S. Urinary 
albumin excretion rate and glomerular 
filtration rate in the prediction of diabetic 
nephropathy; a long-term follow-up study of 
childhood onset type-1 diabetic patients. 
Nephrol. Dial. Transplant. 16(7), 1382–1386 
(2001).

41	 Mogensen Ce, Keane Wf, Bennett Ph et al. 
Prevention of diabetic renal disease with 
special reference to microalbuminuria. Lancet 
346(8982), 1080–1084 (1995).

42	 Lewis Ej, Hunsicker Lg, Bain Rp, Rohde 
Rd. The effect of angiotensin-converting-
enzyme inhibition on diabetic nephropathy. 
The Collaborative Study Group. N. Engl. 
J. Med. 329(20), 1456–1462 (1993).

43	 Amin R, Widmer B, Dalton Rn, Dunger 
Db. Unchanged incidence of 
microalbuminuria in children with Type 1 
diabetes since 1986: a UK based inception 
cohort. Arch. Dis. Child. 94(4), 258–262 
(2009). 

n	 In this important prospective observational 
study of a cohort of 527 children diagnosed 
with Type 1 diabetes under 16 years of age, 
the authors showed that the adjusted 
prevalence of microalbuminuria was 
unchanged since 1986, despite some 
improvements in glycemic control. This 
observation highlights the need for more 

proactive intervention with drugs such as 
angiotensin converting enzyme inhibitors.

44	 Caramori Ml, Fioretto P, Mauer M. 
The need for early predictors of diabetic 
nephropathy risk: is albumin excretion rate 
sufficient? Diabetes 49(9), 1399–1408 (2000).

45	 Adler Ai, Stevens Rj, Manley Se, Bilous Rw, 
Cull Ca, Holman Rr. Development and 
progression of nephropathy in Type 2 
diabetes: the United Kingdom Prospective 
Diabetes Study (UKPDS 64). Kidney Int. 
63(1), 225–232 (2003).

46	 Wang Sl, Head J, Stevens L, Fuller Jh. 
Excess mortality and its relation to 
hypertension and proteinuria in diabetic 
patients. The World Health Organization 
multinational study of vascular disease in 
diabetes. Diabetes Care 19(4), 305–312 
(1996).

47	 Dean H Fb. Natural history of Type 2 
diabetes diagnosed in childhood: Long term 
follow-up in young adult years. Diabetes 
51(Suppl. 2), A25–A26 (2002).

48	 Yokoyama H, Okudaira M, Otani T et al. 
Existence of early-onset NIDDM Japanese 
demonstrating severe diabetic complications. 
Diabetes Care 20(5), 844–847 (1997).

49	 Pinhas-Hamiel O, Zeitler P. Acute and 
chronic complications of Type 2 diabetes 
mellitus in children and adolescents. Lancet 
369(9575), 1823–1831 (2007).

50	 Gambara V, Mecca G, Remuzzi G, Bertani T. 
Heterogeneous nature of renal lesions in 
Type II diabetes. J. Am. Soc. Nephrol. 3(8), 
1458–1466 (1993).

51	 Fioretto P, Mauer M, Brocco E et al. Patterns 
of renal injury in NIDDM patients with 
microalbuminuria. Diabetologia 39(12), 
1569–1576 (1996).

52	 Hogg Rj, Furth S, Lemley Kv et al. National 
Kidney Foundation’s Kidney Disease 
Outcomes Quality Initiative clinical practice 
guidelines for chronic kidney disease in 
children and adolescents: evaluation, 
classification, and stratification. Pediatrics 
111(6 Pt 1), 1416–1421 (2003).

53	 K/DOQI clinical practice guidelines for 
chronic kidney disease: evaluation, 
classification, and stratification. Am. J. Kidney 
Dis. 39(2 Suppl. 1), S1–S266 (2002).

54	 Atiyeh Ba, Dabbagh Ss, Gruskin Ab. 
Evaluation of renal function during 
childhood. Pediatr Rev 17(5), 175–180 
(1996).

55	 Drummond K, Mauer M. The early natural 
history of nephropathy in Type 1 diabetes: II. 
Early renal structural changes in Type 1 
diabetes. Diabetes 51(5), 1580–1587 (2002).



Diabetes Manage. (2012) 2(4) future science group352

Review  Giannini, Mohn & Chiarelli

56	 Mauer M, Drummond K. The early natural 
history of nephropathy in Type 1 diabetes: I. 
Study design and baseline characteristics of 
the study participants. Diabetes 51(5), 
1572–1579 (2002).

57	 Najafian B, Alpers Ce, Fogo Ab. Pathology 
of human diabetic nephropathy. Contrib. 
Nephrol. 170, 36–47 (2011). 

n	 Focuses on renal structural changes and the 
structural–functional relationships of 
Type 1 and 2 diabetic nephropathy, 
emphasizing the contribution of research 
kidney biopsy studies to the understanding 
of the pathogenesis of diabetic nephropathy 
and the identification of patients with a 
higher risk of progression to end-stage renal 
disease. Finally, evidence is presented to 
show that the reversal of established lesions 
of diabetic nephropathy is possible.

58	 Diez-Sampedro A, Lenz O, Fornoni A. 
Podocytopathy in diabetes: a metabolic and 
endocrine disorder. Am. J. Kidney Dis. 58(4), 
637–646 (2011). 

n	 Focuses on the podocyte function and their 
key role in Type 1 and 2 diabetic 
nephropathy.

59	 Brownlee M. Biochemistry and molecular cell 
biology of diabetic complications. Nature 
414(6865), 813–820 (2001).

60	 Du X, Matsumura T, Edelstein D et al. 
Inhibition of GAPDH activity by poly(ADP-
ribose) polymerase activates three major 
pathways of hyperglycemic damage in 
endothelial cells. J. Clin. Invest. 112(7), 
1049–1057 (2003).

61	 Han Jc, Lawlor Da, Kimm Sy. Childhood 
obesity. Lancet 375(9727), 1737–1748 (2010) 

n  n	 Extensively reviews the burden of childhood 
obesity worldwide focusing on complications 
associated with adiposity and practical 
approach to obese children and adolescents.

62	 Gall Ma, Hougaard P, Borch-Johnsen K, 
Parving Hh. Risk factors for development of 
incipient and overt diabetic nephropathy in 
patients with non-insulin dependent diabetes 
mellitus: prospective, observational study. 
BMJ 314(7083), 783–788 (1997).

63	 Bruno G, Cavallo-Perin P, Bargero G et al. 
Prevalence and risk factors for micro- and 
macroalbuminuria in an Italian population-
based cohort of NIDDM subjects. Diabetes 
Care 19(1), 43–47 (1996).

64	 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. Diabetes 

Control and Complications Trial Research 
Group. J. Pediatr. 125(2), 177–188 (1994).

65	 Effect of intensive therapy on the 
microvascular complications of Type 1 diabetes 
mellitus. JAMA 287(19), 2563–2569 (2002).

66	 The effect of intensive treatment of diabetes 
on the development and progression of 
long-term complications in insulin-dependent 
diabetes mellitus. The Diabetes Control and 
Complications Trial Research Group. 
N. Engl. J. Med. 329(14), 977–986 (1993).

67	 Yokoyama H, Okudaira M, Otani T et al. High 
incidence of diabetic nephropathy in early-onset 
Japanese NIDDM patients. Risk analysis. 
Diabetes Care 21(7), 1080–1085 (1998).

68	 Eppens Mc, Craig Me, Cusumano J et al. 
Prevalence of diabetes complications in 
adolescents with Type 2 compared with 
Type 1 diabetes. Diabetes Care 29(6), 
1300–1306 (2006).

69	 Gerstein Hc, Miller Me, Byington Rp et al. 
Effects of intensive glucose lowering in Type 2 
diabetes. N. Engl. J. Med. 358(24), 
2545–2559 (2008).

70	 Patel A, Macmahon S, Chalmers J et al. 
Intensive blood glucose control and vascular 
outcomes in patients with Type 2 diabetes. 
N. Engl. J. Med. 358(24), 2560–2572 (2008).

71	 Duckworth W, Abraira C, Moritz T et al. 
Glucose control and vascular complications in 
veterans with Type 2 diabetes. N. Engl. 
J. Med. 360(2), 129–139 (2009).

72	 Salardi S, Balsamo C, Zucchini S et al. 
High rate of regression from micro-
macroalbuminuria to normoalbuminuria in 
children and adolescents with Type 1 diabetes 
treated or not with enalapril: the influence of 
HDL cholesterol. Diabetes Care 34(2), 
424–429 (2011).

73	 Jenkins Aj, Lyons Tj, Zheng D et al. 
Lipoproteins in the DCCT/EDIC cohort: 
associations with diabetic nephropathy. 
Kidney Int. 64(3), 817–828 (2003).

74	 Marcovecchio Ml, Dalton Rn, Prevost At 
et al. Prevalence of abnormal lipid profiles and 
the relationship with the development of 
microalbuminuria in adolescents with Type 1 
diabetes. Diabetes Care 32(4), 658–663 (2009). 

n	 In this longitudinal study of adolescents 
with Type 1 diabetes, the authors explored 
the prevalence of lipid abnormalities and 
their relationship with albumin excretion 
and microalbuminuria. They clearly 
demonstrated that sustained lipid 
abnormalities were related to age, duration, 
BMI and A1C. Furthermore, the 
albumin:creatinine ratio was related to both 
total cholesterol and non-HDL cholesterol, 

indicating a potential role in the 
pathogenesis of diabetic nephropathy.

75	 Ettinger Lm, Freeman K, Dimartino-Nardi 
Jr, Flynn Jt. Microalbuminuria and 
abnormal ambulatory blood pressure in 
adolescents with Type 2 diabetes mellitus. 
J. Pediatr. 147(1), 67–73 (2005).

76	 Mogensen Ce. Microalbuminuria, blood 
pressure and diabetic renal disease: origin and 
development of ideas. Diabetologia 42(3), 
263–285 (1999).

77	 Marcovecchio Ml, Dalton Rn, Schwarze Cp 
et al. Ambulatory blood pressure 
measurements are related to albumin 
excretion and are predictive for risk of 
microalbuminuria in young people with 
Type 1 diabetes. Diabetologia 52(6), 
1173–1181 (2009).

78	 Lurbe E, Sorof Jm, Daniels Sr. Clinical and 
research aspects of ambulatory blood pressure 
monitoring in children. J. Pediatr. 144(1), 
7–16 (2004).

79	 Torbjornsdotter Tb, Jaremko Ga, Berg Ub. 
Nondipping and its relation to 
glomerulopathy and hyperfiltration in 
adolescents with Type 1 diabetes. Diabetes 
Care 27(2), 510–516 (2004).

80	 Harvey Jn, Allagoa B. The long-term renal 
and retinal outcome of childhood-onset Type 1 
diabetes. Diabet. Med. 21(1), 26–31 (2004).

81	 Couper Jj, Staples Aj, Cocciolone R, Nairn J, 
Badcock N, Henning P. Relationship of 
smoking and albuminuria in children with 
insulin-dependent diabetes. Diabet. Med. 
11(7), 666–669 (1994).

82	 Bangstad Hj, Osterby R, Rudberg S, 
Hartmann A, Brabrand K, Hanssen Kf. 
Kidney function and glomerulopathy over 
8 years in young patients with Type I (insulin-
dependent) diabetes mellitus and 
microalbuminuria. Diabetologia 45(2), 
253–261 (2002).

83	 Zhang L, Krzentowski G, Albert A, Lefebvre 
Pj. Factors predictive of nephropathy in 
DCCT Type 1 diabetic patients with good or 
poor metabolic control. Diabet. Med. 20(7), 
580–585 (2003).

84	 Coonrod Ba, Ellis D, Becker Dj et al. 
Predictors of microalbuminuria in individuals 
with IDDM. Pittsburgh Epidemiology of 
Diabetes Complications Study. Diabetes Care 
16(10), 1376–1383 (1993).

85	 Daneman D. Early diabetes-related 
complications in adolescents: risk factors and 
screening. Horm. Res 63(2), 75–85 (2005).

86	 Yokoyama H, Okudaira M, Otani T et al. 
Higher incidence of diabetic nephropathy in 
Type 2 than in Type 1 diabetes in early-onset 



future science group www.futuremedicine.com 353

Early signs of diabetic nephropathy in childhood  Review

diabetes in Japan. Kidney Int. 58(1), 302–311 
(2000).

87	 Farah Se, Wals Kt, Friedman Ib, Pisacano 
Ma, Dimartino-Nardi J. Prevalence of 
retinopathy and microalbuminuria in 
pediatric Type 2 diabetes mellitus. J. Pediatr. 
Endocrinol. Metab. 19(7), 937–942 (2006).

88	 Krakoff J, Lindsay Rs, Looker Hc, Nelson 
Rg, Hanson Rl, Knowler Wc. Incidence of 
retinopathy and nephropathy in youth-onset 
compared with adult-onset Type 2 diabetes. 
Diabetes Care 26(1), 76–81 (2003).

89	 Svensson M, Sundkvist G, Arnqvist Hj et al. 
Signs of nephropathy may occur early in 
young adults with diabetes despite modern 
diabetes management: results from the 
nationwide population-based Diabetes 
Incidence Study in Sweden (DISS). Diabetes 
Care 26(10), 2903–2909 (2003).

90	 Donaghue Kc, Fairchild Jm, Craig Me et al. 
Do all prepubertal years of diabetes duration 
contribute equally to diabetes complications? 
Diabetes Care 26(4), 1224–1229 (2003).

91	 Caprio S, Plewe G, Diamond Mp et al. 
Increased insulin secretion in puberty: 
a compensatory response to reductions in 
insulin sensitivity. J. Pediatr. 114(6), 963–967 
(1989).

92	 Salardi S, Cacciari E. Is microalbuminuria 
progressive? Arch. Dis. Child. 75(3), 266 
(1996).

93	 Harjutsalo V, Maric C, Forsblom C, Thorn L, 
Waden J, Groop Ph. Sex-related differences 
in the long-term risk of microvascular 
complications by age at onset of Type 1 
diabetes. Diabetologia 54(8), 1992–1999 
(2011).

94	 Mollsten A, Svensson M, Waernbaum I et al. 
Cumulative risk, age at onset, and sex-specific 
differences for developing end-stage renal 
disease in young patients with Type 1 
diabetes: a nationwide population-based 
cohort study. Diabetes 59(7), 1803–1808 
(2010).

95	 Gallagher Mp, Goland Rs, Greenbaum Cj. 
Making progress: preserving beta cells in 
Type 1 diabetes. Ann. NY Acad. Sci. 1243, 
119–134 (2011).

96	 Couzin-Frankel J. Clinical studies. Trying to 
reset the clock on Type 1 diabetes. Science 
333(6044), 819–821 (2011).

97	 Hinchliffe Sa, Lynch Mr, Sargent Ph, 
Howard Cv, Van Velzen D. The effect of 
intrauterine growth retardation on the 
development of renal nephrons. Br. J. Obstet. 
Gynaecol. 99(4), 296–301 (1992).

98	 Merlet-Benichou C, Gilbert T, Vilar J, 
Moreau E, Freund N, Lelievre-Pegorier M. 
Nephron number: variability is the rule. 
Causes and consequences. Lab. Invest. 79(5), 
515–527 (1999).

99	 Brenner Bm, Chertow Gm. Congenital 
oligonephropathy and the etiology of adult 
hypertension and progressive renal injury. 
Am. J. Kidney Dis. 23(2), 171–175 (1994).

100	 Wani M, Kalra V, Agarwal Sk. Low birth 
weight and its implication in renal disease. 
J. Assoc. Physicians India 52, 649–652 
(2004).

101	 Rossing P, Tarnow L, Nielsen Fs, Hansen 
Bv, Brenner Bm, Parving Hh. Low birth 
weight. A risk factor for development of 
diabetic nephropathy? Diabetes 44(12), 
1405–1407 (1995).

102	 Rudberg S, Stattin El, Dahlquist G. 
Familial and perinatal risk factors for 
micro- and macroalbuminuria in young 
IDDM patients. Diabetes 47(7), 1121–1126 
(1998).

103	 Jacobsen P, Rossing P, Tarnow L, Hovind P, 
Parving Hh. Birth weight – a risk factor for 
progression in diabetic nephropathy? 
J. Intern. Med. 253(3), 343–350 (2003).

104	 Nelson Rg, Morgenstern H, Bennett Ph. 
Birth weight and renal disease in Pima 
Indians with Type 2 diabetes mellitus. Am. 
J. Epidemiol. 148(7), 650–656 (1998).

105	 Rippin Jd, Patel A, Bain Sc. Genetics of 
diabetic nephropathy. Best Pract. Res. Clin. 
Endocrinol. Metab. 15(3), 345–358 (2001).

106	 Clustering of long-term complications in 
families with diabetes in the diabetes control 
and complications trial. The Diabetes 
Control and Complications Trial Research 
Group. Diabetes 46(11), 1829–1839 (1997).

107	 Roglic G, Colhoun Hm, Stevens Lk, 
Lemkes Hh, Manes C, Fuller Jh. Parental 
history of hypertension and parental history 
of diabetes and microvascular complications 
in insulin-dependent diabetes mellitus: the 
EURODIAB IDDM Complications Study. 
Diabet. Med. 15(5), 418–426 (1998).

108	 Vassalotti Ja, Fox Ch, Becker Bn. Risk factors 
and screening for chronic kidney disease. Adv. 
Chronic Kidney Dis. 17(3), 237–245 (2010).

109	 Rich Ss. Genetics of diabetes and its 
complications. J. Am. Soc. Nephrol. 17(2), 
353–360 (2006).

110	 Brorsson C, Pociot F. Genetics of diabetic 
nephropathy in diverse ethnic groups. Contrib. 
Nephrol. 170, 8–18 (2011).

111	 Schultz Cj, Konopelska-Bahu T, Dalton Rn 
et al. 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(3), 
495–502 (1999).

112	 Hogg Rj. Screening for CKD in children: 
a global controversy. Clin J. Am. Soc. Nephrol. 
4(2), 509–515 (2009).

113	 Type 2 diabetes in children and adolescents. 
American Diabetes Association. Diabetes Care 
23(3), 381–389 (2000).

114	 Lane Jt. Microalbuminuria as a marker of 
cardiovascular and renal risk in Type 2 diabetes 
mellitus: a temporal perspective. Am. J. Physiol. 
Renal Physiol. 286(3), F442–F450 (2004).

115	 Lane Ph. Pediatric aspects of diabetic kidney 
disease. Adv. Chronic Kidney Dis. 12(2), 
230–235 (2005).

116	 Silverstein J, Klingensmith G, Copeland K 
et al. Care of children and adolescents with 
Type 1 diabetes: a statement of the American 
Diabetes Association. Diabetes Care 28(1), 
186–212 (2005).

117	 Chiareli F, Santilli F. Diabetic nephropathy in 
children and adolescents. In: Diabetes in 
Childhood and Adolescence. Karger, Basel, 
Switzerland, 10, 225–258 (2005).

118	 The fourth report on the diagnosis, evaluation, 
and treatment of high blood pressure in 
children and adolescents. Pediatrics 114(2 
Suppl. 4th Report), 555–576 (2004).

119	 Almerie Mq, Williams Rm, Acerini Cl. 
Should Angiotensin converting enzyme 
inhibitors be used in children with Type 1 
diabetes and microalbuminuria? Arch. Dis. 
Child. 93(7), 633–635 (2008).

120	 Adolescent Type 1 Diabetes Cardio-renal 
Intervention Trial (AdDIT). BMC Pediatr. 9, 
79 (2009).


