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Diabetic nephropathy (DN) and cardio-
vascular disease (CVD) are among the 
most common vascular complications of 
Type 1 diabetes (T1D) that negatively 
influence the long-term prognosis of young 
people with that condition [1]. Several 
studies have shown that premature ath-
erosclerosis represents the main cause of 
morbidity and mortality in patients with 
T1D [2]. In longitudinal cohorts of adults 
with T1D from the USA and Europe, the 
incidence of coronary events has been 
found to be around 16% after 10 years of 
diabetes duration, significantly contrib-
uting to mortality [2]. This is confirmed 
by data from the Diabetes UK cohort of 
23,751 patients with T1D, where by the 
age of 20–39 years, the standardized mor-
tality rate for coronary artery disease was 
increased tenfold in men and 40-fold in 
women [3]. Recent data from the Scottish 
Registry Linkage Study have confirmed a 
high mortality associated with T1D, with 

an age-adjusted incidence risk rate for a 
first CVD event of 3.0 (95% CI: 2.4–3.8) 
in females and 2.3 (95% CI: 2.0–2.7) in 
males when compared to the non-diabetic 
population, and highlighted a higher rate 
of CVD events in subjects younger than 
40 years [4]. Risk for CVD in patients with 
T1D seems to be strongly associated with 
the presence of DN, being tenfold greater 
for patients with DN compared with those 
without this complication [5]. This is also 
highlighted by recent studies reporting 
that, in the absence of renal complications, 
mortality in patients with T1D is similar 
to that in the general population, whereas 
it significantly increases in the presence of 
microalbuminuria or more advanced stages 
of DN [6,7].

DN is a common microvascular compli-
cation in patients with T1D, which mani-
fests with progressive increases in urinary 
albumin excretion, along with changes 
in glomerular filtration rate, ultimately 
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“Several studies have shown that premature atherosclerosis represents 
the main cause of morbidity and mortality in patients with T1D.”
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leading to the development of end-stage renal 
disease, for which DN is the main cause in 
developed countries [8]. More than 20 years 
ago, Borch-Johnsen et al. reported that urinary 
albumin excretion in the proteinuric range was 
a strong predictor of CVD mortality in patients 
with T1D [5]. Subsequent studies have not only 
confirmed this finding [9], but also shown that 
small increases in albumin excretion, in the 
normal and microalbuminuric range, predict 
CVD risk in adults with T1D as well as in non-
diabetic populations [10,11]. High normal values 
of urinary albumin excretion have been directly 
associated with increased risk of stroke, hyper-
tension and early development of atherosclerosis 
[12]. A potential factor linking increased albumin 
excretion and CVD is endothelial dysfunction, 
which is considered to be the initiating insult 
leading to organ/tissue damage in the context 
of diabetes [13]. Taken together, these data sug-
gest that in adults with T1D albumin excretion 
should be considered a continuous risk factor 
for both renal and cardiovascular complications.

Is albumin excretion associated with CVD 
in adolescents with T1D?
Considering urinary albumin excretion as a 
continuous variable could be particularly per-
tinent to the study of young people with T1D, 
where abnormal albumin excretion may not 
become clinically evident as microalbuminu-
ria until after puberty [8]. Based on data from 
longitudinal studies, microalbuminuria devel-
ops in 10–26% of adolescents with T1D after 
a 10–20-year disease duration, but this com-
plication tends to be rare before puberty [14–16]. 
However, the same studies have shown that early 
increases in urinary albumin excretion, within 
the normal range, may occur during the first 
years after diagnosis [15]. In the Oxford Regional 
Prospective Study, a prospective study follow-
ing around 500 young people with childhood-
onset T1D, an albumin–creatinine ratio (ACR) 
in the upper tertile of the normal range at the 
age of 11–15 years predicted up to 85% of sub-
jects who developed microalbuminuria in the 
following years, and all those who developed 
macroalbuminuria [14].

International guidelines recommend an 
annual assessment of albumin excretion in ado-
lescents with T1D as the standard method for 
monitoring the development of DN [17], and 
based on the available data on adults with diabe-
tes, it could also provide important information 

about CVD risk. However, so far data on the 
relationship between early increases in albumin 
excretion and CVD during adolescence are lim-
ited. Cohort studies of adolescents with T1D 
indicate that during adolescence increased uri-
nary albumin excretion, even below the microal-
buminuria range, can be associated with dyslipi-
demia, raised blood pressure, insulin resistance 
and presence of CVD risk factors in the parents, 
therefore suggesting a potential link between 
albumin excretion and risk for CVD [8].

“Alarmingly, it has been reported that up 
to 86% of young people with T1D have at 
least one modifiable CVD risk factor, 45% 

at least two and 15% at least three…”

Alarmingly, it has been reported that up to 
86% of young people with T1D have at least one 
modifiable CVD risk factor, 45% at least two 
and 15% at least three, and these CVD risk fac-
tors tend to track from childhood/adolescence 
to adulthood and negatively influence the long-
term prognosis [18]. In addition, although hard 
end points such as stroke and ischemic heart 
disease are not evident during childhood and 
adolescents with T1D, early subclinical struc-
tural and functional vascular abnormalities have 
been repeatedly reported [8]. Carotid intima-
media thickness (cIMT) has been shown to be 
increased in children with T1D when compared 
with age-matched controls [19]. Similarly, flow-
mediated dilatation (FMD) and arterial stiff-
ness are additional surrogate markers of CVD, 
which has been shown to be abnormal in T1D 
patients as young as 10 years of age [19,20]. These 
alterations appear to be even more marked in 
subjects with signs of involvement of the renal 
microvasculature, such as microalbuminuria [21], 
although data in this context are still limited and 
mainly based on small sample sizes. Clarifying 
these associations would be of clinical relevance, 
given that adult CVD has its roots during child-
hood and adolescence in at-risk populations, 
such as those with T1D [18].

Recent data from the Adolescent Type  1 
Diabetes Cardio-Renal Intervention Trial 
(AdDIT), the first multicenter, multinational, 
randomized placebo-controlled trial assessing 
the efficacy of ACE inhibitors (quinapril) and 
statins (atorvastatin) in adolescents with T1D 
and increased albumin excretion has provided 
further insights into the link between urinary 
albumin excretion and early cardiovascular 
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risk [22]. During the screening phase of the trial, 
two sets of three early-morning urine samples 
have been collected from more the 3500 adoles-
cents aged 10–16 years from the UK, Canada 
and Australia for the assessment of ACR. Tertiles 
of ACR have been generated, with the upper 
tertile (top 30%) defining adolescents at ‘high 
risk’ for vascular complications, whereas adoles-
cents with ACR in the middle and lower tertiles 
are considered to be at ‘low risk’. Around 740 
of these adolescents underwent further inves-
tigations as part of the baseline assessment of 
AdDIT, including circulating markers of renal 
and CVD markers as well as direct measures of 
vascular function and structure, such as cIMT, 
FMD and pulse wave velocity. Interestingly, 
adolescents with urinary albumin excretion lev-
els in the top 30% of the observed distribution 
showed increased glomerular filtration rates as 
well as increased cardiovascular risk, as indicated 
by higher lipid levels, mainly non-HDL-choles-
terol and increased arterial stiffness, as reflected 
by higher values of pulse wave velocity, when 
compared with adolescents with T1D and lower 
ACR [22]. These ‘high-risk’ adolescents with 
raised albumin excretion have been entered into 
AdDIT to assess the efficacy of ACE inhibitors, 
statins or their combination in improving their 
renal and cardiovascular profiles. The vascular 
re-assessment at the end of the AdDIT trial 
will allow exploration of the hypothesis as to 
whether the early detected abnormalities in 
renal and cardiovascular parameters are revers-
ible with early treatments. Overall, these data 
suggest that differentiating between low-normal 

and high-normal urinary albumin excretion may 
aid in renal and cardiovascular risk stratification, 
and promote prevention and early treatment 
strategies.

Conclusion
The recent results from AdDIT confirm previ-
ous data on the link between increases albumin 
excretion and CVD in adult populations with 
T1D, supporting the concept that early increases 
in albumin excretion during adolescence are 
markers not only of renal impairment but could 
reflect a more general vascular damage, and thus 
predict cardiovascular risk. Therefore, monitor-
ing of albumin excretion rates as well as HbA1c 
during adolescence may be critical in identifying 
individuals where targeted interventions, such 
as improved glycemic control as well as reno-
protective strategies using ACE inhibitors and 
statins, could reduce the long-term morbidity 
and mortality associated with the development 
of DN and CVD.
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