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Prevalence of cardiovascular risk factors
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Abstract

Background: Childhood cancer survivors (CCSs) have an increased risk of overweight and dyslipidaemia, but the

distribution and the potential relationships between anticancer therapies and cardiovascular risk factors have been

heterogeneously and not prospectively described.

Methods: All consecutive CCSs with primary cancer diagnosed between 1973–2007 and subsequently referred to our

outpatient clinic were enrolled. Hypercholesterolaemia (total cholesterol >200 and/or low density lipoprotein

(LDL)>160 mg/dl) was the primary end point, hypertriglyceridaemia (triglycerides >200 mg/dl) and body mass index

>30 kg/m2 the secondary end points. Cox multivariate adjustments were performed to account for differences in cancer

and treatments.

Results: A total of 340 patients were included (197 male, 143 female; mean age at last follow-up 24.1� 3.2). The most

common diagnosis were haematological malignancies (n¼ 227) and brain tumours (n¼ 51). After a median follow-up of

16.1 years, hypercholesterolaemia was diagnosed in 67 CCSs (20%), hypertriglyceridaemia in 20 CCSs (6%) and obesity in

28 CCSs (8%). Total body irradiation and growth hormone deficiency increased the risk of both hypercholesterolaemia

(hazard ratio (HR)¼ 2.7; confidence interval (CI) 1.2–4.4 and HR¼ 2.3; CI 1.1–4.9; all p< 0.05) and hypertriglyceridae-

mia (HR¼ 6.5; CI 1.4–31 and HR¼ 7.2; CI 1.1–43; all p< 0.05). The risk of hypercholesterolaemia was also higher in

CCSs who underwent autologous haematopoietic stem cell transplantation (HR¼ 3.2; CI 1.7–5.9; p< 0.001) or plati-

num-based chemotherapy (HR¼ 2.7; CI 1.5–4.9; p< 0.001), whereas a previous diagnosis of brain tumour (HR¼ 10; CI

1.2–45; p< 0.05) and anthracyclines exposure (HR¼ 1.3; CI 1.2–26; p< 0.05) significantly predicted obesity.

Conclusion: CCSs show a high and variable risk for developing dyslipidaemia and obesity, depending on cancer diagnosis

and treatments. Therefore, they need accurate and tailored control of their cardiovascular risk profile.
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Introduction

Continuous improvements in treatment protocols over
the last 40 years increased the probabilities of recovery
up to 80% for children and adolescents affected by
tumours.1 As a consequence, the number of childhood
cancer survivors (CCSs) among the general population
is steadily increasing, with a potential burden of patho-
logical alterations due to late toxicity of
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anticancer therapy. Thirty years after a diagnosis of
paediatric tumour, chronic illnesses related to previous
anticancer treatments affect two-thirds of survivors,
potentially being so serious as to lead to disabling or
life threatening diseases.2

The most common alterations involve the endocrine
system, but several studies reported that, in CCSs, car-
diovascular diseases are a leading cause of mortality
and morbidity.3,4 Radiation therapy involving the
thorax and anthracycline-based chemotherapy may dir-
ectly undermine the cardiovascular health of CCSs,
leading to an increased risk of congestive heart failure,
coronary artery and valvular diseases. Moreover, cra-
nial or total body irradiation (TBI), as well as plati-
num-based chemotherapy, may induce the onset of
cardiovascular risk factors (CVRFs) such as diabetes,
obesity, dyslipidaemia and hypertension.5,6 Finally,
endocrine dysfunctions, mainly growth hormone defi-
ciency (GHD) and hypogonadism (quite common in
CCSs), may precipitate the development of CVRFs.7,8

Independently of the pathophysiological mechan-
isms, conflicting data are reported about the incidence
and the predictors of CVRFs in adult survivors of
childhood cancer.6,7 The aim of this study was to inves-
tigate the distribution of CVRFs in a cohort of CCSs
followed at a specialised adult-focused follow-up clinic,
in order to evaluate the potential relationships between
CVRFs and previous anti-cancer therapies.

Methods

The present study is reported according to the
STrengthening the Reporting of OBservational studies
in Epidemiology (STROBE) Group statement.9

Study design

Single centre high volume prospective work.

Setting and participants

All consecutive patients who were diagnosed with a
paediatric cancer between 1973–2007, and subsequently
referred to the Transition Unit for Childhood Cancer
Survivors within the Città della Salute e della Scienza
Hospital of Turin, Italy, were enrolled. This is a specia-
lised adult-focused follow-up clinic headed by an endo-
crinologist and organised with a network of committed
specialists. CCSs are usually ‘transitioned’ to the unit
when they are aged over 18 years and off therapy for at
least five years. The follow-up protocols applied to each
patient are tailored on the basis of risk stratification,
that is, to the cancer diagnosis and previous anti-cancer
treatments, in agreement with the Children’s Oncology
Group guidelines.10

Variables and data source/measurement

For the study purpose CCSs were divided into seven
groups, according to paediatric cancer diagnosis: acute
lymphoblastic leukaemia (ALL), acute myeloblastic
leukaemia (AML), Hodgkin’s disease (HD), non-
Hodgkin’s lymphoma (NHL), brain tumours, sarcomas
and others.

All the clinical information collected during follow-
up was recorded in a specially designed prospective
database including demographic information, all data
relative to the cancer diagnosis, the treatments and
medical history (relapses, second tumours, late toxicity
at endocrine, cardiac, pulmonary levels etc.). In this
setting, gonadal function was periodically evaluated
and hormone replacement therapy was given in all
hypogonadal patients. During childhood, in patients
with auxological parameters indicating growth failure,
GHD was diagnosed using standard provocative tests,
after all other possible causes had been ruled out.
About one-half of GHD patients had received GH
(growth hormone) replacement therapy during child-
hood, but no one was treated in adulthood.

Body mass index (BMI), lipid profile (total choles-
terol, high density lipoprotein (HDL), low density lipo-
protein (LDL) and triglycerides), fasting blood glucose
and blood pressure were recorded at each follow up visit.
Moreover, information regarding the medications/
drugs taken and the diet/lifestyle was also collected.
Hypercholesterolaemia was defined as fasting total chol-
esterol >200mg/dl, while hypertriglyceridaemia as
fasting triglycerides >200mg/dl.11 Patients with BMI
>30 kg/m2 were considered as being obese. Diabetes
mellitus was defined according to the American
Diabetes Association’s criteria.12 Patients with systolic
blood pressure >140mm Hg and/or diastolic blood
pressure >90mm Hg (or receiving drugs for hyperten-
sion) were considered as having hypertension.13

The Framingham risk score, the only derived and
validated on patients younger than 40 years, was
appraised for each patient.

The interval between the first visit in which a CVRF
was identified and the last follow-up visit was con-
sidered for analysis.

End point

Hypercholesterolaemia was the primary end
point, LDL levels, hypertriglyceridaemia and BMI
>30 kg/m2 WERE the secondary ones.

Statistical analysis

Continuous variables are expressed as mean� standard
deviation (SD) or median and first and third quartiles

Felicetti et al. 763



and were compared by analysis of variance (ANOVA)
test and with student’s t-test. Categorical variables are
presented as counts and percentages, and were com-
pared by chi-square test and with Fisher test. The p
values unadjusted for multiplicity are reported through-
out, with statistical significance set at the two-tailed
0.05 level.

Multivariable analysis was conducted performing
Cox regression to identify independent predictors of
end points.14,15

Statistical analyses were performed with SPSS ver-
sion 12.0 (SPSS, Inc., Chicago, Illinois, USA).

Results

There were 340 patients who transitioned from the
paediatric oncology centre to our unit and were
enrolled. After transition, 10 of them were lost to
follow-up. Primary tumours were distributed as fol-
lows: ALL (n¼ 115; 33.8%), AML (n¼ 21; 6.1%),
HD (n¼ 62; 18.2%), NHL (n¼ 29; 8.5%), brain
tumours (n¼ 51; 15.0%), sarcoma (n¼ 39; 11.5%)
and other paediatric cancers (n¼ 23; 6.7%)
(Figure 1). Age at cancer diagnosis was lower for
patients with ALL and AML (Table 1). The relation-
ships between childhood cancer diagnosis and antican-
cer treatments are detailed in Table 1.

The 330 patients still followed had a median follow-
up time of 16.1 years (range: 5.1–33.0 years).
Hypertension and diabetes mellitus were uncommon

(5.3% and 1.5%, respectively). Hypercholesterolaemia
was found in 67 patients (20%), being more frequent
in survivors of brain tumour (n¼ 19; 37%), ALL
(n¼ 24; 21%) and sarcoma (n¼ 10; 25%).
Hypertriglyceridaemia was diagnosed in 20 CCSs
(6%), especially in those treated for AML (n¼ 5;
23%) and brain tumours (n¼ 5; 9.8%). The cumulative
incidence of each CVRF associated with cancer diag-
nosis is detailed in Table 2.

Compared to other cancer diagnoses, the onset of
lipid profile alterations was earlier in AML (7.5� 2.9
years), brain tumour (14.7� 20.1 years) and sarcoma
(15.1� 5.3 years) survivors (p< 0.001). Obesity was
found in 28 CCSs (8%), mainly brain tumour (n¼ 9;
21%) survivors (Table 2).

Dyslipidaemic patients were mostly treated with diet
and lifestyle, with improvement of the lipid profile
(Table 2, Figure 2), which was significant only for
total cholesterol levels, (235� 20 vs 221� 20;
p< 0.001). The Framingham risk score was low for
all patients (Table 2).

At multivariate analysis (Figure 3 and
Supplementary Material, Table A), age at diagnosis
as continuous variable was a predictor of hypercholes-
terolaemia (hazard ratio (HR)¼ 1.1; confidence inter-
val (CI) 1.0–1.2; p< 0.001) and obesity (HR¼ 1.12; CI
1.05–1.2; p< 0.001). TBI significantly increased the risk
of hypercholesterolaemia (HR¼ 2.7; CI 1.2–4.4;
p< 0.05) and hypertriglyceridaemia (HR¼ 6.5; CI
1.4–31; p< 0.05). The same was found for GHD
(HR¼ 2.3; CI 1.1–4.9; p< 0.05 and HR¼ 7.2; CI 1.1–
43; p< 0.05, respectively). The patients submitted to
autologous haematopoietic stem cell transplantation
(auto-HSCT) or treated with platinum-based chemo-
therapy showed the highest hazard to develop hyper-
cholesterolaemia (HR¼ 3.2; CI 1.7–5.8; p< 0.001 and
HR¼ 2.7; CI 1.5–4.9; p< 0.001, respectively). The risk
of obesity was higher in brain tumour survivors
(HR¼ 10.0; CI 1.2–45; p< 0.05) or in patients previ-
ously treated with anthracyclines (HR¼ 1.3; CI 1.2–
26; p< 0.05). Age, auto-HSCT, TBI, platinum-based
chemotherapy and GHD were also independent pre-
dictors of LDL levels higher than 160mg/dl
(HR¼ 1.2: CI 1.1–3.0; HR¼ 5.5: CI 3.4–10.0;
HR¼ 3.4: CI 2.0–5.0; HR¼ 4.5: 3.0–7.0; HR¼ 4.1: CI
3.0–9.0, respectively)

Discussion

The most important results of this prospective study,
representing one of the few ambulatory cohorts of
CCSs followed for a long time, are (a) these patients
are exposed to a high risk of developing dyslipidaemia
and obesity despite young age; (b) brain tumour, TBI
and deficit of growth hormone represent the ‘red flags’

7%

18%

6%9%

34%

15%

11% ALL

AML

HD

NHL

Brain tumor

Sarcomas

Others

340 consecutive patients

330 patients

at follow up of16.1 (4–33) years

Figure 1. Study profile. ALL: acute lymphoblastic leukaemia;

AML: acute myeloblastic leukaemia; HD: Hodgkin’s disease; NHL:

non-Hodgkin’s lymphoma.
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depicting an high risk; (c) hypertension and diabetes
mellitus are less frequent; (d) correct management of
dyslipidaemia remains unclear.

Several studies showed that CCSs, when compared
to general population, had a high prevalence of CVRF;
nevertheless, in most cases these results are based on

patient self-report questionnaires.5,16 Our study, on the
contrary, was based on clinical data collected by dedi-
cated physicians during follow-up visits, demonstrating
in a more accurate way the increased risk of long-term
adult survivors for developing CVRFs. Compared with
subjects of a similar age included in a cross-sectional
study conducted in Spain on healthy subjects
(ENRICA study; Table 3), our CCSs had higher
levels of total cholesterol, LDL and triglycerides.
Moreover, the prevalence of dyslipidaemia in the
higher risk groups (AML, ALL, brain tumour) was
greater than that reported in the Spanish study, inves-
tigating a population with a baseline cardiovascular
risk equivalent to the Italian one.17

Dyslipidaemia and obesity are more frequent in
CCSs treated with TBI or who developed GHD, as
demonstrated at multivariate analysis. Effects of the
exposure of patients to specific anticancer therapies,
rather than the different cancer diagnosis itself, prob-
ably explain these findings. The association between
TBI and the development of hypertriglyceridaemia
has been previously reported, while the influence of
TBI on cholesterol levels is doubt.6 The pathophysio-
logical mechanisms have been not fully understood, but

auto HSCT

TBI

TBI

Platinum-based

GHD

GHD

Age*
Age*

**

Hypogonadism
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Brain tumor
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10,0

1,3

1,1

1,1

(a)

(c)
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Figure 3. Multivariate predictors of (a) hypercholesterolaemia, (b) obesity and (c) hypertriglyceridaemia. GHD: growth hormone

deficiency; TBI: total body irradiation. *Age at diagnosis as a continuous variable. **The same variables were also predictors for low

density lipoprotein (LDL) values higher than 160 mg/dl.
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density lipoprotein.*The only significant difference, <0.001.
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the hypothalamic irradiation probably plays a central
role.16,18

Previous studies have described the effects of GH on
lipid metabolism.19–21 Anyway, replacement therapy
has no clear beneficial effect on the development of
CVRFs.22,23 For this reason, and also taking into
account the (still debated) oncological risk related to
GH, in adulthood the replacement therapy is not rou-
tinely prescribed to our GHD patients (as stated in the
Methods section).

Chemotherapy, auto-HSCT and hypogonadism rep-
resented other aetiological factors, although less
frequently reported. A relationship between platinum-
based chemotherapy and hypercholesterolaemia has
been shown in patients with bone/soft-tissue sarcomas
or brain tumours.24 On the contrary, the increased risk
of hypercholesterolaemia in patients submitted to auto-
HSCT has been reported less frequently.25 Indeed, stu-
dies on metabolic status in HSCT patients usually
emphasise the role of graft versus host disease
(GVHD), TBI (and/or GHD, that is a common late
effect of irradiation), but these conditions are usually
associated to allogenic transplants.6,25

As far as hypogonadism is considered, it has been
reported to increase the risk of metabolic syndrome
even in patients on replacement therapy.26

The BMI-associated risk of cardiovascular mortality
seems to be mediated through other CVRFs.27 In our
cohort, dyslipidaemia and obesity were related. The
increase in BMI, that we found mainly in brain
tumours survivors, likely results from the concurrence
of several causes, including the hypothalamic/hypo-
physeal damage due to surgery or radiation therapy
and the coexisting impairment of mobility due to a
brain injury. Lifestyle habit modifications such as less
physical activity and distorted nutrition, due to psycho-
logical distress and/or depressive disorders, may also
play a role in the development of obesity and dyslipi-
daemia. Indeed, even if CCSs - on average - seem to
have less psychological distress than a normal popula-
tion, the proportion of survivors at risk for high psy-
chological distress is very large.28 Moreover CCSs,
compared to subjects without cancer, may experience
greater impairment from major depressive disorders.29

Anyway, the psychological distress is related to the his-
tory of cancer itself rather than to cancer type or pre-
vious treatments. Thus, psychological distress is equally
distributed among CCSs, so it cannot explain the dif-
ferences between groups. Lastly, the presence of cogni-
tive damage - not rare in CCSs cured for a brain
tumour - could also have a negative impact on the
lifestyle.16,26

Surprisingly, a previous treatment with anthracy-
clines was also a predictor of obesity. This result,
although requiring confirmation, suggests that theseT
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drugs may not only directly induce heart failure3 but
could also contribute to the development of risk
factors.

In our cohort, due to absence of cardiovascular
comorbidities and to the young age, almost all patients
have been treated with diet and lifestyle changes
alone.30–32 However, in these patients it was difficult
to control cholesterol levels this way. Nevertheless,
only few randomised controlled trials (mainly in pro-
gress and without hard end points) have tried to test the
effect of statin on these patients,33 so that great vari-
ability in their medical management still exists.

The incidence of diabetes mellitus (1.5%) and hyper-
tension (5%) was low. Diabetes mellitus was reported
less frequently than in other studies: for example the
work of Meacham et al.34 showed an incidence of
2.5%, but our patients were younger than those
included in other studies.34–36

Rates of hypertension were similar to those found in
a study of 125 patients, showing – for a median age of
30 years – an incidence of about 5.4%.37 Although
infrequent, hypertension should be strictly monitored
because of its deleterious effect on cerebrovascular
events.

This work shows some limitations. First it derives
from a single centre registry, although based on a
large sample size with long follow-up. Moreover,
given the low incidence, multivariate analysis was not
performed for hypertension and diabetes mellitus.
Finally, we appraised BMI and not waist circumfer-
ence; however, in a recent study38 the BMI was demon-
strated to be the only parameter related to prognosis in
the primary prevention of cardiovascular events.

In conclusion, for physicians managing CCSs, the
increased risk of clinical or subclinical cardiovascular
events should be taken into account clearly, especially
in subjects treated with TBI and/or HSCT or those
cured for brain tumours or haematologic malignancies.
Actually, these patients should be closely monitored in
order to manage their enhanced cardiovascular risk,
despite their young age. Furthermore, it should be con-
sidered that all scores commonly used to stratify risk of
cardiovascular events, as well as the therapies com-
monly used, are developed and validated on older
patients,39,40 likely resulting in an underestimated
burden of comorbidities.
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