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Abstract In adults with inflammatory bowel disease (IBD),
the incidence of cardiovascular events is increased, leading to
long-term morbidity. Arterial stiffness (AS) measured by
pulse wave velocity (PWV) is a validated early precursor of
cardiovascular disease (CVD), and measurement of PWVwas
shown to be a feasible test in children. The aim of this study
was to assess AS in children with IBD. In this prospective
study, we determined PWV between the carotid and femoral
artery (PWVcf) in 25 children and adolescents with IBD (11
females, median age 14.1 years, median disease duration
2.8 years). The majority (68%) of the subjects were in clinical
remission, and 48% received anti-tumor necrosis factor alpha
(TNFα) treatment. AS was not increased in this cohort of
children and adolescents with IBD, who did not have signs
of cardiovascular disease, such as arterial hypertension.

Conclusion: PWV seems to be normal in children with IBD
in remission or with mild disease activity. Larger studies
should assess its potential role as a valid and non-invasive

follow-up marker in children with IBD, to avoid cardiovascu-
lar complications.

What is Known:

• Inflammatory bowel disease (IBD) is a risk factor of cardiovascular
disease (CVD).

• Pulse wave velocity (PWV) measurement is the current gold standard to
assess arterial stiffness (AS), which is an early predictor of CVD.

What is New:

• This is the first study using PWV measurements to determine AS in
children with IBD.

• In children with IBD in remission or only mild disease activity AS is not
increased.
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Abbreviations
AS Arterial stiffness
CVD Cardio vascular disease
IBD Inflammatory bowel disease
PWVcf Carotid–femoral pulse wave velocity
TNFα Tumor necrosis factor alpha

Introduction

Inflammatory bowel disease (IBD) is characterized by chronic
intestinal inflammation and can be sub-classified into Crohn’s
disease (CD) and Ulcerative Colitis (UC) [1]. In adults with
IBD, cardiovascular complications such as thrombotic events
and early atherosclerosis are well documented and are increas-
ingly reported in children with IBD [2, 3]. Despite a lower
incidence of classical risk factors such as dyslipidemia, arterial
hypertension, or diabetes mellitus [4], atypical cardiovascular
risk factors such as hyperhomocysteinemia [5] and endothelial
dysfunction [6] may explain the increased risk of cardiovas-
cular disease (CVD) in patients with IBD. Pulse wave velocity
(PWV) is the current gold standard to determine arterial stiff-
ness (AS), an early sign of CVD, in children [7]. In adults,
studies have shown increased AS in patients with IBD but no
data on AS exist for children with IBD [5, 8].

As such, we hypothesized that children with IBD have
increased AS. The aim of this study was tomeasure the carotid
femoral PWV (PWVcf) in a cohort of children and adolescents
with IBD.

Patients and methods

Study population

This cross-sectional, prospective pilot cohort study was per-
formed at the Children’s University Hospital, Berne, from
February to June 2013. The patients eligible for recruitment
to the study were children and adolescents younger than
18 years with a diagnosis of IBD according to the Porto
criteria and followed in the pediatric gastroenterology clinic
at the Children’s University hospital in Bern. Exclusion
criteria were the presence of any abnormalities of the cardio-
vascular system (e.g., congenital heart diseases or known co-
agulation disorder) and/or limbs (the latter would make the
measurement of arterial stiffness impossible).

Written informed consent was obtained prior to study en-
rolment. The study was approved by the local research ethics
committee.

Clinical and biochemical assessment

As part of routine clinical care, anthropometric data including
height, weight, body mass index (BMI), and puberty stage
(Tanner stages) were recorded. Standard laboratory blood tests
such as C-reactive protein (CRP, norm <3 mg/dl), erythrocyte
sedimentation rate (ESR), glucose, hemoglobin, white blood
cell count and albumin, and stool calprotectin (norm
<200mg/kg), a fecal marker of disease activity, were obtained.
Classic cardiovascular risk factors such as diabetes mellitus,
arterial hypertension, obesity, smoking, or corticosteroid thera-
py were documented. Disease phenotypic data were recorded,
including disease duration and current medication history.
Clinical disease activity was calculated using established indi-
ces, the pediatric ulcerative colitis activity index (PUCAI) for
children with UC, and the pediatric Crohn’s disease activity
index (PCDAI) for children with Crohn’s disease. (http://
www.naspghan.org/files/documents/pdfs/cme/podcasts/
MonitoringDiseaseActivity_PediatricIBDPatients.pdf).

Pulse wave velocity measurements

After a 10min episodeofhorizontal resting, arterial bloodpres-
sure was measured on the subjects’ right arm using an age ap-
propriate blood pressure cuff. PWVcf between the carotid and
femoral artery was measured by means of the validated
Vicorder™ device (Skidmore Medical Limited, Bristol, UK).
This was performed by measuring the distance between the
midpoints of two oscillometric cuffs, (i) placed at the collar
(carotid artery) and (ii) at the proximal right femur (femoral
artery). To account for the difference between the tape-
measured distance between both cuffs and the reference dis-
tance, a correction factor of 0.8 was used. Subsequently, the
automatically recorded transit time, reflecting the time lag be-
tween pulse wave registration at the carotid and femoral cuffs,
wasdividedbydistance (m).Datawereobtainedusing thesame
device andmeasurement protocol aswas used to derive pediat-
ric age, gender, and height-related reference values for PWVcf,
which were modeled using the modified LMSmethod of Cole
andGreen [9, 10].ThemeanPWVcfof threemeasurementswas
taken as the primaryoutcome.Datawere expressed inm/s and z
scores, according to Fischer and colleagues [10].

Statistical analysis

Graph Pad Prism (GraphPad Software, San Diego, California,
USA) was used for statistical analysis. Descriptive data are
expressed as median with interquartile range (IQR).
Relationships among variables were assessed by using a
best-fit linear regression analysis. Uni- and multivariate corre-
lation was calculated. Mann–Whitney U test or student t test
were used to compare groups. Significance was assigned at
p < 0.05.
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Results

In total, 25 children with IBD (10 with UC and 15 with CD)
were approached and found to be eligible for enrollment in the
study.

All children had normal PWVcf (<95 percentile). PWVcf

median (interquartile range) was 4.4 m/s (4.0–5.2), reflecting
a median z score of −0.1 (−1.0–0.5). There was no difference
of the PWVcf in children with UC or CD; (p = 0.4; Table 1). A
linear correlation (r2 = 0.4) of PWVcf with age was observed,
and children had normal systolic and diastolic blood pressure
for gender, height, and age (Table 1).

The majority (n = 17; 68%) of subjects were in clinical
remission indicated by PUCAI/PCDAI scores <10. Two of
the eight children with active clinical disease (PUCAI/
PCDAI scores >10) had elevated levels of CRP (4 and
14 mg/L) and in four (50%) fecal calprotectin was abnormal.

No patient was undergoing treatment with corticosteroids at
time of PWV measurement. Infliximab, a monoclonal TNFα
antibodywas given to 12 (48%) subjects of which 9 (75%)were
in clinical remission. The remaining children were treated with
Methotrexate (n = 2), Azathioprine (n = 9), and/or Mesalazine
(n=12), ofwhich61%were in remission.Nocardiovascular risk
factors (obesity, arterial hypertension, diabetes mellitus, or
smoking)werepresent. Inunivariateandmultivariatecorrelation
analysis, PWVcf was not associated with fecal and systemic
markers of inflammation (Calprotectin, CRP, ESR, Albumin),

disease activity scores (PUCAI for UC and PCDAI for CD),
blood pressure, or disease duration. The cohort was too small to
compare for differences of treatment regimes.

Discussion

This is the first study assessing earlyCVDrisk factors bymeans
ofAS,measuredbyPWVcf, in childrenwith IBD. In this cohort
of childrenwithmostly quiescent IBD,ASwas normal regard-
lessof theunderlyingdiagnosis (UCvs.CD),andnocorrelation
with clinical disease activity scores was seen.

We speculate that this result might be related to the overall
high rate of clinical remission (68%), and otherwise mild dis-
ease activity in our cohort. A group from Italy recently
showed that children with IBD had early signs of atheroscle-
rosis measured by the intima media thickness of the carotid
and brachial arteries, as well as the abdominal aorta [11, 12].
Nevertheless, a different method to assess CVD risk was ap-
plied in this group, and remission rate was significant lower
(36% of children with CD and 28% with UC compared to
68% in our cohort). These differences might explain the dis-
similar results and support our theory that clinical remission is
associated with normal AS [11].

The relatively high rate of children in remission in our
study is likely a result of the use of anti-inflammatory treat-
ments with anti-TNFα agents (48%) or immune modulators

Table 1 Demographic data and
measurements of children with
inflammatory bowel disease

All Ulcerative colitis Crohn’s disease
n 25 10 15

Female (%) 11(44) 5 (50) 6 (40) ns

Disease duration, years 2.8 [1.4–5.4] 1.8 [1–4.8] 3.8 [1.9–7] ns

Age, years 14.1 [10.9–16.1] 10.3 [7.9–11.8] 14.4 [11.7–16.4] ns

Height, cm 153.0 [142.1–171.0] 149.5 [137.4–162.0] 157.0 [142.1–172.9] ns

Height, z scores −0.3 [−1.3–0.5] −0.4 [−1.9–0.4] −0.1 [−1.2–0.6] ns

Weight, kg 43.0 [35.5–54.5] 42.1 [32.8–47.4] 47.4 [37.9–58.0] ns

Weight, z scores −0.6 [−1.1–0.4] −0.3 [−1.1–0.1] −0.6 [−1.2–0.5] ns

BMI, kg/m2 18.4 [17.2–19.7] 18.4 [16.1–19.8] 18.4 [17.2–19.8] ns

BMI z scores −0.4 [−0.8–0.2] −0.4 [−0.5–0.5] −0.3 [−1.0–0.2] ns

Systolic BP z scores −0.7 [−0.9–0.2] −0.7 [−0.9–0.1] −0.7 [−1.2–0.4] ns

Diastolic BP z scores −0.2 [−0.6–0.3] −0.4 [−0.6–0.2] 0.1 [−0.3–0.7] ns

PWV, m/s 4.4 [4.0–5.2] 4.2 [3.5–4.8] 4.6 [4.0–5.2] ns

PWV, z scores −0.1 [−1.0–0.5] −0.5 [−1.3–0.2] 0.1 [−0.9–0.5] ns

PUCAI / PCDAI >10 (%) 8 (32) 6 (60) 2 (13) 0.03*

Calprotectin, mg/kg 221 [74–573] 256 [68–721] 221 [87–527] ns

C-reactive protein, mg/l 0 [0–5] 0 [0–2.5] 0 [0–6] ns

If not otherwise stated results are expressed in median [IQR]

BP blood pressure, PWV pulse wave velocity, PUCAI pediatric ulcerative colitis activity index, PCDAI pediatric
Crohn’s disease activity index, ns not significant

*Significant
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(39%). Data in adults are suggestive that these therapies, es-
pecially anti-TNFα agents, positively impact AS in patients
with IBD and other systemic inflammatory diseases such as
rheumatoid arthritis, through improvement of endothelial
function [5, 8].

In addition, there was no correlation between PWV and
disease duration in our cohort, which is different to the expe-
rience in adults with IBD [5, 8]. Due to a relatively short
overall disease duration in our cohort (median 2.8 years) com-
pared with 5.9 years (UC) and 7.0 years (CD) in adults, early
changes of the vascular endothelium might not have yet oc-
curred [8].We have to acknowledge several limitations of our
study. First, it is a cross-sectional study of a relatively small
and heterogeneous cohort, limiting a causal interpretation of
the results. In addition, no comparison group was available;
however, established age- and gender-related reference values
exist and were used for result interpretation. Finally, given that
the majority of patients with active clinical disease (6/8) had a
normal CRP and 50% had a normal fecal calprotectin, the rate
of children in remission is likely to have been even higher in
our cohort, limiting our ability to determine the differences in
AS in children with active inflammatory disease.

In conclusion, AS measured by PWVcf seems to be normal
in children with quiescent IBD. Larger longitudinal studies are
needed to elucidate how this finding translates into long-term
outcomes of CVD in patients with IBD, and if PWVcf mea-
surements might have a role as a non-invasive follow-up
marker to detect and potentially prevent extra-intestinal
complications.
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