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Arterial stiffness is increased in asthmatic children
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Abstract Altered arterial stiffness is a recognized risk factor
of poor cardiovascular health. Chronic inflammation may
increase arterial stiffness. We tested whether arterial stiffness
is increased children with asthma, a chronic disease charac-
terized by fluctuating airway and systemic inflammation. Ar-
terial stiffness, expressed as carotid-femoral pulse wave ve-
locity (PWVcf), was measured in 37 mild-to-moderate asth-
matic children: 11 girls, median (range) age 11.1 years (6–15).
PWVcf in asthma was compared to PWVcf in 65 healthy
controls matched for age, height, and gender previously stud-
ied in Germany and was correlated with airway inflammation
and obstruction. PWVcf was higher in asthmatic children
compared to controls: PWVcf median (interquartile range)
was 4.7 m/s (4.5–4.9) vs. 4.3 m/s (4.1–4.7), p<0.0001. In
asthmatic children, PWVcf was inversely associated (r

2=0.20,
p=0.004) with forced expiratory volume in 1 s (FEV1). This
association remained significant after adjusting for possible

confounders including body mass index, blood pressure, ste-
roid use, and FeNO.

Conclusion: Arterial stiffness is increased in children with
mild-to-moderate asthma. The association between impaired
lung function and increased arterial stiffness suggests that
severity of disease translates into detrimental effects on the
cardiovascular system.
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Introduction

Carotid-femoral pulse wave velocity (PWVcf) is an
established marker of arterial stiffness with the latter being a
recognized predictor of poor cardiovascular health [13].
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Increasing evidence suggests that chronic inflammation in-
creases arterial stiffness and subsequently modulate cardio-
vascular morbidity [12, 13, 18]. Indeed, arterial stiffness has
been shown to be elevated in chronic inflammatory diseases
like rheumatoid arthritis, Kawasaki disease, chronic renal
failure, inflammatory bowel diseases, and acute glomerulone-
phritis [3, 5, 7, 22, 23]. Currently, few data exist about alter-
ations of arterial stiffness in children with chronic inflamma-
tory diseases, although atherosclerosis may originate in child-
hood [17, 19]. Chronic obstructive pulmonary diseases has
been related to an increased incidence of cardiovascular dis-
eases in adults, even after correction for the effects of
established cardiovascular risk factors, particularly smoking
[16].

In this cross-sectional study, we tested the hypothesis that
arterial stiffness is increased in school-age children with asth-
ma, a chronic disease characterized by fluctuating airway and
systemic inflammation [1]. Studying children has the great
advantage that (physiological) effects of aging, and the inte-
grated time of exposure to smoke are almost neglectable.
Secondary aims were to relate arterial stiffness to airway
inflammation and obstruction in asthma.

Materials and methods

Patients

PWVcf as a surrogate marker of arterial stiffness was
measured in asthmatic school-age children during rou-
tine follow-up in the outpatient clinic of a tertiary care
center (Bern University Hospital, Switzerland). Asthma
was diagnosed according to standard criteria [1]. Exclu-
sion criteria were the presence of other significant dis-
eases, e.g., abnormalities of the cardiovascular system
and/or limbs (the latter would make the measurement of
arterial stiffness impossible) and preterm birth
(<37 weeks of gestation). Children were instructed not
to inhale bronchodilators at least 12 h before the study.
The control group consisted of age-, height-, and
gender-matched healthy subjects studied in Germany
who were described elsewhere [10]. Control children
were not evaluated for subclinical signs and symptoms
of asthma. Children born preterm were not excluded in
the control group.

The local research ethics committee approved the study,
and informed consent was obtained from all parents and
children.

Measurements

Clinical and anthropometric data including height, weight,
body mass index (BMI), puberty stage (Tanner stages), and

blood pressure were recorded. The pulse wave velocity be-
tween the carotid and femoral artery (PWVcf) was measured
by means of the validated Vicorder™ device (Skidmore Med-
ical Limited, Bristol, UK), as previously reported in detail
[10]. For calculation of PWVcf, the corrected distance between
the midpoints of the oscillometric cuffs placed over the carotid
and femoral arteries was divided by the automatically record-
ed transit time (time lag between pulse wave registration at the
carotid and femoral cuffs) as described elsewhere [10, 20]. To
account for the differences between the tape measured dis-
tance between both cuffs and the reference distance, a correc-
tion factor of 0.8 was used [10, 20]. The same protocol for
determination of PWVcf was used throughout the study. The
same investigator (MS) performed three PWVcf measure-
ments in each asthmatic child, and the mean PWVcf of these
measurements was taken as the primary outcome. Standard
deviation score (SDS) of PWVcf accounting for height and
gender were computed from published pediatric reference
values. These data were obtained using the same device and
measurement protocol to derive a set of age- (or height-) and
sex-specific data (least mean square (LMS) values) [10],
which were modeled using the modified LMSmethod of Cole
and Green [6].

Spirometry (Jaeger MasterScreen® bodyplethysmograph,
Wuerzburg, Germany) was performed according to current
recommendations. Spirometry outcomes were forced expira-
tory volume in 1 s (FEV1) and forced expiratory flow between
25–75 % of the expired volume (FEF25–75) reported as liter or
liter per second and SDS [15]. In children with significant
airway obstruction (FEV1 or FEF25–75<−1 SDS), PWVcf was
measured before and after the inhalation of 0.4 mg salbutamol
to examine a possible effect of beta-2-agonists on arterial
stiffness. The fraction of exhaled nitric oxide (FeNO) was
measured after spirometry with a chemiluminescence analyzer
(CLD 88 sp®; Eco Medics AG, Duernten, Switzerland).
FeNO values of more than 35 parts per billion (ppb) in
children aged ≤12 years, and more than 50 ppb in older
children were considered to indicate relevant eosinophilic
airway inflammation [8].

Statistical analysis

Power calculation was performed to determine sample size. At
least 26 children are needed to achieve a study power of 80 %,
with an error=0.05, estimating a potential difference between
the two groups of 0.4 m/s and a standard deviation of 0.5 m/s
PWVcf.

Data are presented as median and interquartile range (IQR)
as appropriate. Normally, distributed data were compared by t-
test and nonparametric data by Mann-Whitney U test. Corre-
lations were graphically assessed, and a forward stepwise
multivariable linear regression analysis was applied to identify

520 Eur J Pediatr (2015) 174:519–523



significant independent factors explaining PWVcf variability
in this population. p values <0.05 were regarded as significant.

Results

Thirty-seven asthmatic children (11 girls (30 %) and 26 boys
(70 %), median age 11.1 years, range 6.1–15.3 years, Table 1)
were included in the study together with 65 healthy children
(20 girls (31 %) and 45 boys (69 %), median age 10.9 years,
range 6–15.4 years, Table 1). One child (3 %) in the asthma
group and three children (5%) in the control group were obese
(i.e., BMI SDS >1.88). FEV1 and FEF25–75 <−1 SDS were
observed in 14 (38 %) and 16 (43 %) asthmatic children,
respectively, and 11 children (30 %) had increased FeNO.
Three children (8 %) had FEV1 <−2 SDS and four children
(11 %) FEF25–75 <−2 SDS. Nine children (24 %, three girls)
had puberty Tanner stage ≥3. Twenty-nine children (78 %)
received low-to-moderate dosages of inhaled steroids
(<800 ug budenoside equivalent) as maintenance therapy.
Age, puberty stage, weight, height, BMI, steroid use, FEV1,
FEF25–75, FeNO, and PWVcf SDS were similar in asthmatic
boys and girls (data not shown).

PWVcf was higher in asthmatic children compared to the
control group: median (IQR) 4.7 m/s (4.5–4.9) vs. 4.3 m/s
(4.1–4.7); p<0.001. PWVcf was higher in asthmatic children
in all ages (Fig. 1). There was no difference in PWVcf between

asthmatic children with and without increased FeNO. In chil-
dren with more pronounced airway obstruction (n=20 (54 %);
FEV1 or FEF25–75 <−1 SDS), PWVcf measured before and
after bronchodilation was almost identical: median 4.7 m/s
(4.5–4.9) vs. 4.8 m/s (4.6–5.0); p=ns. Eight (22 %) asthmatic
children had PWVcf values above the 95 centile corrected for
gender and height. No significant differences in lung function
parameters were noted in these children compared to the
asthmatic children with PWVcf within the normal range.

PWVcf SDS was inversely related to FEV1 and FEF25–75
(linear regressions r2=0.20, p=0.004 and r2=0.11, p=0.03,
respectively) but not to FeNO or steroid use. Also in the
subgroup of asthmatic children without steroid treatment
(n=8), there was no correlation between FeNO and PWV.
FEV1 remained significantly associated with PWVcf SDS in
a forward stepwisemultivariate linear regression analysis (r2=
0.23, p=0.004) adjusting for possible confounders including
BMI SDS, systolic and diastolic blood pressure SDS, steroid
use, and FeNO.

Discussion

Arterial stiffness, measured as PWVcf, is increased in school-
age children with mild-to-moderate asthma. About 20 % of
asthmatic children have a pathologically increased arterial
stiffness (PWVcf values above the 95 centile corrected for
gender and height). This indicates that asthma affects the

Table 1 Characteristics of school-aged children with asthma and healthy age-, height-, and gender-matched controls

Characteristics Asthma children (n=37) Control group (n=65) p

Body height (m) 1.45 (1.32 to 1.58) 1.44 (1.31 to 1.58) 0.90

Body height SDS 0.3 (−0.1 to 0.91) 0.1 (−0.6 to 0.6) 0.06

Body weight (kg) 40.2 (26.5 to 48.6) 34.4 (28.0 to 46.2) 0.56

Body weight SDS 0.1 (−0.4 to 0.8) −0.2 (−0.8 to 0.7) 0.08

Body mass index (kg/m2) 17.7 (15.6 to 20.0) 17.2 (15.5 to 19.4) 0.50

Body mass index SDS 0.1 (−0.7 to 0.9) −0.1 (−0.8 to 0.5) 0.37

Pulse wave velocity (m/s) 4.7 (4.5 to 4.9) 4.3 (4.1 to 4.7) 0.0001

Pulse wave velocity SDS 0.6 (0.0 to 1.5) 0.0 (−0.7 to 0.5) 0.0002

Systolic blood pressure (mmHg) 107.0 (100.7 to 111.5) 110.0 (100.0 to 113.0) 0.64

Systolic blood pressure SDS 0.2 (−0.3 to 0.6) 0.2 (−0.3 to 0.6) 0.91

Diastolic blood pressure (mmHg) 61.0 (58.7 to 68.0) 60 (60 to 70) 0.22

Diastolic blood pressure SDS 0.0 (−0.4 to 0.4) −0.2 (−0.7 to 0.8) 0.71

FEV1 (L) 2.1 (1.6 to 2.6) Not performed

FEV1 SDS −0.3 (−1.5 to 0.3)

FEF25–75 (L/s) 2.1 (1.7 to 2.6) Not performed

FEF25–75 SDS −0.8 (−1.5 to −0.1)
FeNO (ppb) 25.1 (8.3 to 44.5) Not performed

Data are given as median (interquartile range). Pulse wave velocity was measured between the carotid and femoral arteries. The italicized values are
highly significant at P<0.001

FEV1 forced expiratory volume in 1 s, FEF25–75 forced expiratory flow between 25–75 % of expired volume, FeNO fractional exhaled NO
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cardiovascular system already in childhood and despite asth-
ma control therapy. Furthermore, we observed a weak associ-
ation of impaired lung function with increased arterial stiff-
ness in asthmatic children, suggesting a relationship between
severity of disease and detrimental effects on the cardiovas-
cular system. Arterial stiffness in asthma did not respond to
bronchodilator inhalation.

The pathophysiological mechanisms leading to increased
arterial stiffness are not fully understood. Recurrent systemic
inflammations are believed to trigger structural changes with-
in the vessel wall which on the one hand will pave the way to
plaque formation and atherosclerosis and on the other hand
will directly translate into increasing arterial stiffness [18].
Eosinophilic airway inflammation estimated by FeNO was
not associated with arterial stiffness in our study. This may
be explained in part by the fact that regular usage of inhaled
corticosteroids decreases FeNO. We did not assess markers of
systemic inflammation or lipoproteins and thus were unable to
investigate these mechanisms further. Another possible mech-
anism present at this early age might be a developmental or
genetic basis leading to the association between reduced lung
function and increased arterial stiffness and therefore not
linked to inflammation. Indeed, a recent study found that
reduced lung volume was associated with increased carotid
pulse wave augmentation index (a surrogate marker of arterial
stiffness) at a very early age, suggesting a developmental link
between lung function and arterial stiffness [2], as already
postulated by others in adults [4, 14].

Our findings extend the relationship between impaired lung
function and arterial stiffness from asthmatic adults [21, 24] to
the pediatric population in which asthma is highly prevalent.
Nevertheless, a recent study found opposite results, showing
that, in childhood, higher lung function is associated with

higher arterial stiffness; this association was mainly explained
by anthropometry [9]. These discrepant findings are most
likely explained by differences in participants, which were
not asthmatic but healthy children and methodology of mea-
surement of arterial stiffness.

A strength of our study is the use of the current gold
standard to assess arterial stiffness, with a device validated
in a large cohort of healthy control children [11]. Limitations
of our study are the relatively small number of asthmatic
children which may have influenced subgroup analysis and
the inclusion of children with mild-to-moderate asthma only.
The study of arterial stiffness in severe asthma or during
asthma exacerbations may have strengthened our findings.
However, nowadays severe asthma is rarely seen in pediatric
patients.

In summary, we found systemic effects of asthma on the
cardiovascular function present already in childhood. These
findings have important implications for the prevention of
cardiovascular disease in asthmatic children and require fur-
ther study to maintain cardiovascular health in this susceptible
population.
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