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Abstract
Aims/hypothesis The risk of dying of cardiovascular dis-
ease (CVD) before the age of 40 years is increased nearly
20-fold in patients with type 1 diabetes compared with non-
diabetic persons. The aim of this study was to evaluate the
prevalence of CVD risk factors in a population-based study
of children and adolescents with type 1 diabetes.
Methods CVD risk factors were examined according to the
American Diabetes Association criteria in 2005. Of 26
paediatric clinics in Norway, 25 participated with 1,658
patients, 85% of those eligible. Mean age was 13.1 years
and mean diabetes duration 5.7 years.
Results HbA1c was above the target level in 71.4%. A posi-
tive family history of early CVD and/or diabetes was found in
33% of participants. LDL-cholesterol was >2.6 mmol/l in
34.5% and HDL-cholesterol was <1.1 mmol/l in 6.9% of
participants. Blood pressure was above the 90th percentile by

age, sex and height in 7% and above the 95th percentile in
4% of participants. Four per cent of participants were obese,
3% of those ≥12 years of age reported smoking and 1% of
all participants had persistent microalbuminuria. Only 0.2%
of the patients were receiving statin and 0.3% anti-
hypertensive treatments. Dietary habits and physical activity
level were evaluated in some patients. Almost all had higher
intake of dietary fat and lower intake of fibre than recom-
mended. A large part was less active and watched more TV
than recommended.
Conclusions/interpretation Of the participants, 86% had at
least one, 45% at least two and 15% at least three CVD risk
factors. Few patients were treated with statins and anti-
hypertensive drugs.
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Abbreviations
ADA American Diabetes Association
CRF case record form
CVD cardiovascular disease
DBP diastolic blood pressure
ISPAD International Society for Pediatric and

Adolescent Diabetes
NCDQ Norwegian Childhood Diabetes and Quality Project
SBP systolic blood pressure
WCH white coat hypertension

Introduction

The major cause of morbidity and mortality in people with
type 1 diabetes is premature and extensive atherosclerosis
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and cardiovascular disease (CVD). Several studies have
shown that mortality from CVD is increased two- to 20-fold
in type 1 diabetic patients [1–3], while CVD has now
overtaken diabetic nephropathy as the leading cause of
premature death in young adults with diabetes [1, 2]. The
prevalence of CVD in this population points to the
importance of early identification of known CVD risk
factors and early intervention [1].

In addition to studies in non-diabetic participants, demon-
strating that cardiovascular risk factors are identifiable in
childhood and that they predict risk of adulthood CVD [4–6],
epidemiological studies in adults have also shown that
multiple risk factors increase the probability of cardiovascu-
lar events, since cardiovascular risk factors tend to reinforce
each other in their influence on morbidity and mortality [5].
Furthermore, the progression of atherosclerotic disease and
the severity of atherosclerosis relate not only to the presence
and extent of cardiovascular risk factors, but also to the
persistence of risk factors over time [5, 7].

Children with diabetes are already at increased risk of early
CVD, since diabetes is now recognised as an independent risk
factor for future cardiovascular events, equivalent to having
had a previous myocardial infarction [3, 8].

The aim of this study was to evaluate the prevalence of
cardiovascular risk factors in children and adolescents with
type 1 diabetes in Norway.

Methods

Study population The study was performed as a part of the
Norwegian Childhood Diabetes and Quality project
(NCDQ) [9], which is a prospective population-based study
for research and quality improvement by means of
benchmarking, and includes all children and adolescents
with type 1 diabetes in Norway.

The classification of type 1 diabetes mellitus is ensured
by measurements of auto antibodies [insulin, GAD,
tyrosine phosphatase-like insulinoma antigen 2 (IA-2)]
and C-peptide at diagnosis. Children with type 2 diabetes
mellitus were excluded. Diagnosis of type 1 diabetes was
made according to the American Diabetes Association
(ADA) and International Society for Pediatric and Adoles-
cent Diabetes (ISPAD) criteria.

The CVD risk factor analysis was based on data collected
in 2005. Of 26 paediatric clinics in Norway, 25 participated in
the NCDQ study that year. The mean overall adherence rate
was 85% (between-hospital range 41–99%) with 20 clinics
reporting on more than 80% of their patients.

All patients in the NCDQ were invited to participate in a
study on physical activity and dietary habits in 2004 and
2005. Of the patients participating in the NCDQ project in
2005, 576 children and adolescents answered question-

naires about physical activity and sedentary behaviour, 376
in 2004 and 200 in 2005. This gives a participation rate of
35%. A total of 518 had recorded their diet for 4 days, a
participation rate of 31%.

The study protocols were approved by the National
Committee for Research Ethics in Norway and the
Norwegian Social Science Data Services. Written informed
consent was obtained from the parents and from the
participants, when older than 12 years of age.

Procedures All diabetic children in Norway are treated at
the paediatric clinics of the public hospitals. An extended
and standardised examination is done on all patients at each
clinic, every year.

Data were collected from a case record form (CRF)
translated and modified from the WHO Basic Information
Sheet for children and adolescents. The CRF includes
detailed information about the insulin regimen (insulin type
and dose), acute and chronic complications, age, height,
weight, puberty stages (Tanner), BP and smoking habits,
together with a family history (first and second-degree
relatives) of diabetes and CVD.

The collection of data on dietary and physical activity
was carried out simultaneously from January to April 2004
and 2005. The dietary data collection is described in detail
elsewhere [10]. The participants recorded their food intake
for 4 days using food diaries with a photographic booklet,
which contained pictures of portion sizes [10]. The diary
has been validated in 9- and 13-year olds and was found to
be a useful tool to estimate dietary intake in this population
[11]. Those who participated in the study on physical
activity and sedentary behaviour filled in a questionnaire,
which included questions about school time and leisure
time physical activity, as well as sedentary behaviour such
as television viewing and use of personal computers,
among others [12]. The questionnaire used for this analysis
is standardised and evaluated against the ActiReg physical
activity monitor (PreMed, Oslo, Norway) [13]. The
questionnaire gives information about activity pattern,
active time, inactive time and activity intensity; it also
allows total energy expenditure to be calculated [12].

CVD risk factors New clinical practice recommendations
were published by the ADA in January 2005 [14]. The
ADA recommendations for children and adolescents with
diabetes include modifications in response to the higher
cardiovascular risk status of these patients. The CVD risk
factor analysis in our study was done according to these
ADA guidelines. The ADA guidelines on diet and physical
activity are not very detailed, but refer to other guidelines,
e.g. those of the American Heart Association and Centers of
Disease Control, as well as the ADA technical review and
positional statement for this area. The cut-off values in our
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diet and physical activity analysis are therefore based on
international guidelines including those of the Centers of
Disease Control, the ISPAD consensus guidelines and ADA
guidelines [15–20].

Laboratory methods HbA1c was determined for all patients
by high-performance liquid chromatography (Variant; Bio-
Rad, Richmond, CA, USA) at the same central DCCT-
approved laboratory at the clinical chemistry department of
Aker University Hospital, Oslo, Norway. The normal
reference range was 4.1–6.4% (2 SD) and the intra-assay
coefficient of variation was <3%.

Lipid profiles were measured by conventional methods
in the non-fasting state. Lipid measurements were done
locally, at each hospital participating in the study, of which
nine (n=498 participants) used direct measurements for
measuring LDL-cholesterol, while 16 of them (n=1160
participants) used indirect measurement (estimated by the
Friedewald formula).

Definitions In defining overweight, weight and height were
used to calculate BMI (kg/m2). The international BMI cut-
off points that were used to estimate the prevalence of
overweight were based on centile curves defined to pass
through a BMI of 25 kg/m2 at age 18 years in a survey of
six nationally representative growth studies conducted by
Cole et al. [21].

Blood pressure was measured according to the National
High Blood Pressure Education Program Working Group
on High Blood Pressure in Children and Adolescents [22].
Standardisation of measurements was secured in network
meetings of the health personnel involved. Identical
procedures and standardised tables of BP centiles (BP
standards based on sex, age and height) were used in all
departments [22] to estimate whether BP was above the
90th or 95th percentile. This was done by the responsible
health personnel at each clinic and marked off in the CRF.

Target levels for HbA1c were defined as HbA1c <7.5% in
children and adolescents above 12 years of age, <8% in
children aged 6 to 12 years and <8.5% in children younger
than 6 years of age.

Recommendations for physical activity in this age group
are 60 min of moderate to vigorous activity [>3 metabolic
equivalents of the task (METs)] per day [14, 17], which was
used as a cut-off to identify diabetic children and
adolescents fulfilling or not fulfilling this recommendation.
Sedentary activity includes time spent on homework,
reading, watching television and using personal computers.

Intensive insulin treatment was defined as using an
insulin pump or using three or more injections per day.

Statistical analysis Demographical and clinical data are
presented as mean values with SD or as proportions.

Differences in continuous variables between males and
females were tested with an independent sample t test and
by Pearson’s χ2 test for categorical variables.

All p values are two-sided and a 5% significance level
was used. All statistical analyses were performed using the
SPSS software package for Windows version 14.0 (SPSS,
Chicago, IL, USA).

Results

Patient characteristics We included 1,658 patients in the
study. Mean age was 13.1 years (range 1.1–23.2 years),
while mean diabetes duration was 5.7 years (range 0.6–
18.5 years). The vast majority of the patients were using
intensive insulin treatment. We have information about the
insulin regimen in 92% of the patients (n=1,528; patients
with missing data n=130). Of these, 95% (n=1,450) were
using three or more insulin injections daily or insulin
pumps. Selected characteristics of the participants are
presented in Table 1 and show that there were no
differences between boys and girls.

Smoking was reported by 2% of all the patients, 3% of
those aged >12 years and 5% of those aged >15 years. The
mean age of the smokers was 17.4 years and the youngest
smoker was 14 years.

The BP (systolic and/or diastolic) was above the 90th
percentile by age, sex and height in 7% and above the 95th
percentile in 4% of participants. The results are shown in
Tables 2 and 3. Of those with elevated BP (above 90th
percentile), 72% had elevated systolic BP (SBP), 7%
elevated diastolic BP (DBP) and 21% had both SBP and
DBP elevated.

There was no difference between boys and girls with
regard to the proportion of patients per risk factor, except
for LDL-cholesterol and HDL-cholesterol, where a higher
proportion of the girls had LDL-cholesterol >2.6 mmol/l
(p=0.001) and a higher proportion of the boys had HDL-
cholesterol <1.1 mmol/l (p=0.001).

The mean triacylglycerol value was 1.0 mmol/l. Patients
with LDL-cholesterol >2.6 mmol/l had a mean triacylgly-
cerol value of 1.1 mmol/l. In the NCDQ project it is
recommended that fasting lipid values are measured if non-
fasting lipids are above certain values. For patients with
both fasting and non-fasting values (n=50), the mean
fasting and non-fasting levels were: 1.3 mmol/l and
1.4 mmol/l, respectively, for triacylglycerol; 3.4 mmol/l
and 3.3 mmol/l, respectively, for LDL-cholesterol; and
1.7 mmol/l and 1.8 mmol/l, respectively, for HDL-choles-
terol. In other words, there was no significant difference
between fasting and non-fasting values in this group of
patients.

556 Diabetologia (2008) 51:554–561



Questions about physical activity and sedentary behav-
iour were answered by 576 patients, while 518 patients
recorded their diet for 4 days. This gives a participation rate
of 35 and 31%, respectively. Participants in the physical
activity and dietary analyses were slightly but significantly
older (0.4 years) (p<0.001) and also had slightly but
significantly lower (0.1%) HbA1c (p=0.006) than non-
participants. Otherwise, the characteristics of participants
and non-participants were similar (Table 1). The results
from the physical activity and dietary study are shown in
Table 3.

Number of cardiovascular risk factors Overall, 86% of the
patients had at least one of the risk factors for CVD, 45%
had two or more risk factors, 15% three or more risk factors

and 2% had four risk factors or more (Table 2). Physical
activity, sedentary activity and dietary habits were not
included in the multiple risk factor analysis, as not all
patients had participated, but only selected cohorts. How-
ever, if these factors had been included, the overall
frequency of CVD risk factors would have increased
substantially.

The three most common combinations of two CVD risk
factors were: (1) HbA1c and LDL-cholesterol above target
levels; (2) HbA1c above target level and family history of
type 2 diabetes; (3) family history of both type 2 diabetes
and CVD. The three most common combinations of three
CVD risk factors were: (1) HbA1c above target level and
family history of both type 2 diabetes and CVD; (2) HbA1c

and LDL-cholesterol above target levels, plus a family

Table 1 Characteristics of participants

Boys Girls All patients Dietary and physical activity study cohort

n 872 786 1,658 576
Age (years) 13.3 (3.9) 13.4 (3.6) 13.1 (3.8) 13.6 (2.9)
Diabetes duration (years) 5.9 (3.6) 5.6 (3.3) 5.7 (3.5) 5.9 (3.2)
Puberty stage (Tanner) 2.7 (1.7) 2.8 (1.6) 2.8 (1.6) 2.8 (1.6)
BMI (kg/m2) 20.2 (3.8) 20.2 (3.9) 20.2 (3.8) 20.3 (3.7)
HbA1c (%) 8.2 (1.3) 8.2 (1.2) 8.2 (1.2) 8.1 (1.2)
Insulin dose (U/kg body weight) 0.9 (0.3) 0.9 (0.3) 0.9 (0.3) 0.9 (0.3)
Insulin regimen, n (%)a

One to two injections per day 38 (4.4) 37 (4.7) 77 (4.5) 23 (4.0)
Three injections per day 112 (12.8) 79 (10.1) 191 (11.5) 55 (9.5)
Four or more injections per day 349 (40.0) 313 (39.8) 662 (39.9) 212 (36.8)
Insulin pump, n (%) 313 (35.9) 284 (36.1) 597 (36.0) 243 (42.2)

Unless otherwise stated, values are mean (SD)
a Patients with missing data n=130

Table 2 CVD risk factors (as defined by the ADA)

Risk factors References Boys (n=872) Girls (n=786) p value All patients (n=1,658)

Positive family history in first and second degree relatives
CVDa [14] 157 (18.0) 138 (17.6) NS 295 (17.8)
Diabetes [34, 35] 194 (22.2) 175 (22.3) NS 369 (22.3)
HbA1c above the target levelb [14, 16] 597 (70.9) 552 (72.2) NS 1,149 (71.4)
LDL-cholesterol >2.6 mmol/l [14] 206 (30.2) 247 (39.3) 0.001 453 (34.5)
HDL-cholesterol <1.1 mmol/l [14] 65 (9.2) 29 (4.5) 0.001 94 (6.9)
Blood pressure >90th percentile [14, 16, 22] 81 (7.1) 71 (6.7) NS 152 (6.9)
BMI >95th percentile [14, 16] 41 (4.7) 30 (3.9) NS 71 (4.4)
Persistent microalbuminuria [14] 7 (1.2) 2 (0.4) NS 9 (0.8)
Smokersc [14] 19 (2.2) 12 (1.5) NS 31 (3)
≥1 of the risk factors above 750 (85.4) 675 (85.9) 1,420 (86)
≥2 of the risk factors above 385 (44.1) 365 (46.5) NS 750 (45)
≥3 of the risk factors above 126 (14.4) 124 (15.8) NS 250 (15)
≥4 of the risk factors above 26 (2.9) 13 (1.7) NS 39 (2.4)

Values are n (%)
a CVD events before 60 years of age
b Target levels: 8.5% in <6-year-olds, 8% in 6–12-year-olds and 7.5% in >12-year-olds
c Among those >12 years of age
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history of type 2 diabetes; (3) HbA1c and LDL-cholesterol
above target levels, plus BP above the 90th percentile.

Other relatively frequent combinations of risk factors
were: (1) BP above 90th percentile and LDL-cholesterol
above target level (4% of all patients); (2) LDL-cholesterol
above target level and HDL-cholesterol below target level
(3% of all patients); and (3) LDL-cholesterol above target
level and BMI above the 95th percentile (3%).

Frequency of pharmacotherapy A high proportion of the
patients had dyslipidaemia. As many as 35% of the patients
had LDL-cholesterol >2.6 mmol/l (and ought to get life-
style intervention, according to ADA treatment guidelines).
Moreover, 10% had LDL-cholesterol >3.4 mmol/l and at
least one other cardiovascular risk factor, while 2% had
LDL-cholesterol >4.1 mmol/l. These patients should be
treated with lipid-lowering medication according to ADA
treatment guidelines. However, only 0.2% of all the patients
or 3% of those who should have been were receiving lipid-
lowering treatment (statins) in line with ADA guidelines.

Of our patients, 7% had BP above the 90th percentile
and 4% above the 95th percentile. Additionally, 1% had BP
>130/80, 4% SBP >130 and 2% DBP>80. Prehypertension
(90–95th percentile) should be treated with lifestyle
intervention according to ADA treatment guidelines, while
hypertension (BP >95th percentile or >130/80) and pre-
hypertension that does not reach target BP (<90th percentile)
within 3 to 6 months should be treated pharmacologically
[14, 22]. Only 0.3% of all our patients or 4% of those who
should have been were receiving anti-hypertensive treatment
according to ADA guidelines.

Discussion

The present study is a population-based study of cardio-
vascular risk factors among children and adolescents with
type 1 diabetes mellitus treated by intensive insulin therapy.

In addition to the conventional cardiovascular risk factors,
the study includes information both about family history of
early CVD and diabetes, and about physical activity/
inactivity and diet. To our knowledge, only a few studies
exist on the subject, most of which have not included
family history in their risk factor analyses.

This study shows a high prevalence of cardiovascular
risk factors, as defined by ADA, in Norwegian children and
adolescents with type 1 diabetes. As many as 86% of the
participants had one or more cardiovascular risk factor and
15% had multiple risk factors (three or more). This is of
concern, as it is well recognised that CVD risk factors
persist or track over time [5, 7, 23]. The frequency of CVD
risk factors found by us is also higher than reported in
another recent study on the subject [24]. The fact that we
included some more risk factors in our analyses and that the
cut-off values are not always the same in these two studies
might explain some of this difference. However, physical
activity, sedentary behaviour and dietary habits were not
included in the multiple risk factor analysis in our study, yet
if these had been included, the estimated overall frequency
of CVD risk factors among the participants in our study
would have been even higher.

The most frequently diagnosed risk factor was HbA1c

above the target level. There is increasing evidence of the
influence of blood glucose control on the development of
atherosclerosis in diabetes. The Oslo study follow-up
demonstrated that long-term blood glucose control predicts
coronary atherosclerosis, measured directly by intravascular
ultrasound, in young childhood-onset type 1 diabetic
patients with no symptoms of CVD [25]. A recent DCCT/
Epidemiology of Diabetes Interventions and Complications
(EDIC) publication demonstrated that intensive diabetes
therapy has long-term beneficial effects on the risk of
cardiovascular events in patients with type 1 diabetes [26].
Yet another study identified HbA1c >7.5% as a strong risk
factor for increasing atherosclerotic plaque burden among
young people with type 1 diabetes who are asymptomatic
for coronary artery disease [27].

Table 3 Number of participants who did not fulfil selected dietary recommendations or recommendations on physical activity and sedentary
behaviours

References Boys (n=287) Girls (n=289) All patients (n=576)

Fat >30% of energy intakea [48] 211 (82) 212 (82) 423 (82)
Saturated fat >10% of energy intakea [20, 48, 49] 250 (97) 252 (97) 502 (97)
Fibre intake <25 g/daya [47, 49] 215 (83) 248 (95) 463 (89)
Fruit and vegetables <500 g/daya [15] 234 (91) 237 (91) 471 (91)
Sedentary activity >2 h/day [40] 286 (97.7) 288 (99.7) 575 (99.7)
Television-viewing >2 h/day [40] 119 (41.5) 126 (43.6) 245 (42.5)
Moderate physical activity <1 h/day [17] 122 (42.7) 176 (61.1) 299 (51.9)

Values are n (%)
a Participants with missing data n=58

558 Diabetologia (2008) 51:554–561



Cholesterol plays an important role in the initiation and
progression of atherosclerosis [1, 28]. Increased levels of
LDL-cholesterol were the second most frequently diagnosed
risk factor in our analysis. The lipid measurements were
taken non-fasting. Although non-fasting HDL-cholesterol
levels can be slightly lower than fasting levels, this should
not lead to misclassification of patients with low HDL-
cholesterol levels [29]. LDL-cholesterol can be measured
using either indirect or direct methods [30]. In 30% of our
patients, LDL-cholesterol was measured by direct measure-
ments, which avoids the need for fasting [29], while it was
measured by the Friedewald equation, the most widely used
indirect method [30], in 70% of the patients. Determination
of calculated LDL-cholesterol should preferably be done in
the fasting state. However, the Friedewald equation has been
found to be fairly accurate in samples with triacylglycerol
levels below 2.26 mmol/l (200 mg/dl) [29, 30]. Because of
the low mean triacylglycerol levels in our patients, the fact
that lipids were measured in the non-fasting state is unlikely
to interfere with our results. Interestingly we found a higher
prevalence of high LDL-cholesterol in girls than boys and
higher prevalence of low HDL-cholesterol in boys than girls.
This is the opposite of what is usually found in adults. Adult
men usually have higher LDL-cholesterol than adult pre-
menopausal women and both men and women show a
tendency toward increased LDL-cholesterol with age. How-
ever, in children, the LDL- and HDL-cholesterol levels do
not differ significantly between boys and girls [28]. In our
material there was no significant difference in the proportion
of participants with high LDL-cholesterol between pre-
pubertal and pubertal children.

There are limited data on lipids in children and
adolescents. However, the Cincinnati Myocardial Infarction
and Hormone (CIMIH) family study found high LDL-
cholesterol (>3.4 mmol/l) in 9.5% and borderline LDL-
cholesterol (>2.8 mmol/l) in 15.1% of children and
adolescents (age 2–19 years; n=232) in their control cohort
[31]. This is a much lower proportion than we found in the
type 1 diabetic children and adolescents in our study, where
11% had LDL-cholesterol >3.4 mmol/l and 24% had LDL-
cholesterol >2.8 mmol/l.

The studies published so far on cardiovascular risk
factors in childhood and adulthood diabetes do not, in
general, include family history in their analysis [24].
Almost one-third of our patients had a positive family
history (first- and second-degree relatives) of one or more
of the following: type 2 diabetes, heart attack and/or stroke
before the age of 60, while 22% had a positive family
history of type 2 diabetes only. This is much higher than the
known prevalence in the general population. A recent
Norwegian study found the prevalence of known type 2
diabetes to be 3.2% [32]. A family history of early CVD
(usually before age 55 years) is considered a risk factor for

atherosclerosis in the general population [33] and at least
two prospective studies of childhood-onset type 1 diabetes
have demonstrated that a family history of type 2 diabetes
is one of the most important factors for CVD [34, 35]. This
emphasises the importance of including family history in
the risk evaluation.

The proportion of patients in our study with BP above
the 90th and 95th percentiles was within the range expected
for the general population. It is, however, important to
remember that this is elevated BP, and as such a risk factor
for CVD both in the diabetic and in the general population.

Among those with elevated BP in our study, isolated
SBP elevation was the most common. White coat hyper-
tension (WCH) may be more prevalent in the measure of
SBP. Elevated pulse pressure may also be represented with
elevated SBP and normal DBP. The pulse pressure
increases with increased arterial stiffness and has been
recognised as an important predictor of CVD [1]. Patients
with type 1 diabetes have stiffer arteries than non-diabetic
persons; higher pulse pressure, moreover, and a higher
prevalence of isolated systolic hypertension have been
reported in type 1 diabetic patients, compared with non-
diabetic persons [1]. One recent study on non-diabetic
participants found that WCH was associated with elevated
arterial stiffness [36], while another recent study found an
increased CVD risk in people with WCH compared with
normotensive controls [37]. In light of this, isolated systolic
hypertension in type 1 diabetic patients is certainly of
clinical importance and should be followed-up carefully
and treated if necessary.

As many as 96% of those who ought to have had
antihypertensive treatment in line with ADA treatment
guidelines were not receiving such treatment. Likewise,
97% of those who should have got lipid-lowering treatment
in line with the same guidelines were not receiving it. It
should, however, be born in mind that the results here are
based on single measurements and more measurements
should be done to verify the situation before putting
children and adolescents on life-long medication.

Only 2% (n=31) of all patients, 3% of those aged
>12 years old and 5% of those aged >15 years reported
smoking. This is a much lower prevalence of smokers than
that reported in other studies. In the Pathobiological
Determinants of Atherosclerosis in Youth (PDAY) study
[6], a 44% prevalence of smoking in adolescents and young
adults aged 15 to 34 years was reported. A recent study
among young adults and adolescents with type 1 diabetes in
Germany found 11% smokers in the 12 to 16 years age
group and 35% in the 17 to 26 years age group [24]. It is
not clear why we found fewer smokers among Norwegian
children and adolescents. Smoking may, of course, simply
be underreported. However, a decline in the incidence of
smoking has been observed among adolescents with [9] and
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without [38] diabetes in Norway for the last few years. In
the NCDQ study, smoking among patients above 15 years
of age fell from 18% in 2001 to 5% in 2005 [9].

The American Heart Association has defined physical
inactivity as an independent CVD risk factor [39] and the
American Academy of Pediatrics (AAP) has recommended
that children and adolescents decrease inactivity and
specifically reduce television viewing to a maximum of
2 h per day [40]. In our study, 43% of the participants
exceeded this limit.

Furthermore, almost 60% of our patients did not fulfil
international recommendations for engaging in moderate
physical activity for at least 1 h daily [17]. This is of
concern. The National Heart, Lung and Blood Institute
(NHLBI) Family Heart Study found that leisure time
physical activity had a clearly favourable and television-
watching an unfavourable association with anthropometric
measurements and atherosclerosis risk factors in otherwise
healthy adults [41]. Furthermore, some studies have shown
that exercise patterns in children and adolescents extend
into adulthood and sedentary adolescents tend to become
sedentary adults [42–44]. Compared with Norwegian non-
diabetic 9- and 15-year-olds [45], the diabetic patients in
our study were less active, with 41% of our diabetic 9-year-
olds vs 17% of the non-diabetic 9-year-olds and 61% of our
diabetic 15-year-olds vs 48% of the non-diabetic 15-year-
olds not fulfilling the recommendations. However, the
comparisons should be viewed with caution due to different
methods. A recent Finnish study reports that 46% of non-
diabetic 15-year-olds in northern Finland engage in phys-
ical activity for less than 1 h daily [46]. The same study
found that 46% of Finnish adolescents watched television
for more than 2 h/day, in comparison with 53% of the 15-
year-old diabetic patients in our study.

In our study, most of the participants exceeded the
recommendations for intake of energy from fat and
saturated fat [47, 48], while most had a lower intake of
fibre, fruits and vegetables compared with current recom-
mendations [15, 47, 49]. This dietary pattern has negative
characteristics in relation to atherosclerosis [10]. Saturated
fat is the principal dietary determinant of LDL-cholesterol
[20] and diabetic children and adolescents should be
encouraged to decrease their intake of saturated fat.

The main strength of our study is that this is a
population-based study with a high participation rate.
Additionally, the study analysed a wide spectrum of
cardiovascular risk factors, including family history of
CVD and diabetes, as well as physical activity levels and
dietary habits, all of which have not been widely
investigated in the paediatric diabetes population.

In conclusion, this study is of major clinical relevance since
it demonstrates a high frequency of atherogenic risk factors in
children and adolescents with type 1 diabetes, even though the

majority of patients are using modern, intensive insulin
treatment. It therefore emphasises the importance of early
and systematic screening for these risk factors. Early
intervention should be considered in all patients at risk. With
regard to lifestyle intervention, our results indicate that there is
plenty of scope for increasing physical activity, reducing
sedentary behaviour and changing dietary habits. So far, few
patients in the relevant age group in Norway are being treated
with lipid-lowering and anti-hypertensive drugs, making the
discrepancy between a high prevalence of cardiovascular risk
factors and the low treatment rate into a challenge for all
paediatric diabetologists.
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