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Lung Dysfunction and Increased Arterial
Stiffness: Causality or Epiphenomenon?

Luca Zanoli, MD, PhD1 and Carlo Vancheri, MD, PhD1

Identifying individuals at high risk for cardiovascular (CV)
events is important to allow early preventive strategies. In
this regard, aortic stiffness is an important factor involved in
the pathophysiology of CV disease in healthy subjects and a
number of different populations including patients with an
evidence of chronic inflammation, as recently evidenced in a
position statement from the European Society of Hyper-
tension (ESH) Working Group on Vascular Structure and
Function and the Association for Research into Arterial
Structure and Physiology (ARTERY) Society.1 Briefly, at the
level of the arterial wall, inflammation and oxidative stress
leads to the reduced bioavailability of nitric oxide, increased
production of elastase and collagenase, hyperplasia, and
cross-differentiation of vascular smooth muscle cells that in
turn lead to functional (i.e., endothelial dysfunction) and
structural alterations of the arterial wall (i.e., disruption of
normal elastin and collagen and substitution with altered
proteins) and arterial stiffening.1 Recent findings suggest
that aortic stiffening is partially reverted in the long-term
after resolution of severe inflammation.2

In an article published in this issue of Angiology,3 Peter
et al reported in 3360 subjects free of lung diseases (age 51 ±
5 years, female sex 60%), that forced expiratory volume in
one second (FEV1, a measure of lung function representing
the maximum amount of air that can be expired in one
second), was inversely associated with carotid-femoral pulse
wave velocity (cfPWV, a measure of aortic stiffness) mea-
sured at baseline and 20 years later. This finding is of clinical
interest for the detection of individuals at high risk for CV
events and could be helpful to plan early preventive thera-
peutic strategies.

Physiological pulmonary and arterial function is the result
of an equilibrium between production and degradation of
elastin and collagen, two important structural proteins in-
volved in the elastic recoil of lungs and arteries. Any al-
terations in quantity and structure of these proteins lead to
dysfunction. In this regard, FEV1 represents a proxy of
elastic fiber content of lungs, whereas arterial stiffness is
associated with elastin fragmentation and medial collagen
content in the human aorta.4,5

A question raised by the results of Peter et al3 is whether the
association between lung and arterial function is causal or not.
Lung dysfunction (exposure) could lead to increased arterial
stiffness (outcome). In this regard, elevated blood pressure

(BP) may link lung function and central artery stiffening.
Moreover, an inflammatory stimulus in the lungs may have an
effect on arteries leading to increased arterial stiffness.6 A
causal association could help explain the excess CVmorbidity
and mortality reported in patients with chronic obstructive
pulmonary disease. However, BP and inflammatory state were
not tested in a mediation analysis by Peter et al.3 Therefore,
causality cannot be confirmed. Alternatively, the association
between lung dysfunction and increased arterial stiffness
could be non-causal since both arterial and lung function can
be affected by an external third factor acting in early life and in
the course of life. In this context, an age-related loss of lung
elastic recoil and an increase in arterial stiffness caused by loss
of arterial elasticity and vascular remodeling occurs. Pul-
monary and vascular aging can be caused by several factors,
including elastic fatigue, the loss of elastic properties as
consequence of the action of deforming forces repeated over
time, genetic factors, and considering that both lungs and
arteries can be involved in patients with chronic systemic
inflammation,7,8 exposure to air pollutants, and other factors
stimulating the immune system.

An interesting result from the study of Peter et al is that
baseline FEV1 was associated with aortic stiffness measured
at the end of follow-up, whereas this association was lost
when both FEV1 and aortic stiffness were measured at
follow-up visit, 20 years after the baseline visit.3 A possible
explanation could be a divergent progression of pulmonary
and arterial disease over time: the longer the time passed, the
greater the difference between lung and arterial function. In
this regard, the loss of lung function with age is nonlinear
since the decline in FEV1 increases from 25 to 30 mL/year at
age 35–40 years to 60 mL/year after age 70 years.9 The
increase in aortic stiffness with age is nonlinear and increases
in older subjects.10

Peter et al also reported that the 20-year decline in FEV1

was not associated with cfPWV.3 This finding could represent
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a non-biological phenomenon since it may be a consequence
of different devices used to measure lung function at baseline
and follow-up (comparability of measurements was not
documented). In agreement with this hypothesis, a similar
absence of association was previously noted by Bolton et al
using different devices at different time points, whereas using
the same device for the measurement of the lung function at
the baseline and follow-up visits, Okamoto et al reported that
the decline in lung function was associated with higher arterial
stiffness during a 5-year period.11,12

In conclusion, the association between FEV1 measured at
51 ± 5 years of age and aortic stiffness measured 20 years
later is of clinical interest for the detection of individuals at
high risk for CVevents and could help plan early preventive
strategies. Further longitudinal studies are needed to explore
whether this association is causal or not.
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