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The association between lung function and
arterial stiffness in young childhood
To the Editor:
Several studies have shown that reduced lung function is a risk factor for cardiovascular morbidity and
mortality [1]. Precursors for cardiovascular diseases, like hypertension and arterial stiffness, are also
associated with lower lung function, independent of sex or anthropometrics [2–6]. Currently, there is no
explanation for these relationships. Systemic inflammation or traditional cardiovascular risk factors, such as
smoking and serum cholesterol, could not fully explain this relationship [4, 5]. Recent findings support the
hypothesis that a common pathway exists between a decline in lung function and, subsequently, the
development of arterial stiffness or hypertension [3, 6]. Suggested explanations were shared factors, like
infections during childhood or postnatal growth, which could influence both lung function and arterial
stiffness. However, little is known about the association between arterial stiffness and lung function, or
about the influence of anthropometrics and environmental factors in early life. In this study, we aimed to
assess whether an association between lung function and common carotid artery stiffness is already present
in young healthy children.
Participants of this study were children of WHISTLER (Wheezing Illnesses Study Leidsche Rijn), an
ongoing birth cohort [7]. During visits at the ages of 5 and 8 years, information on the child and parents
was gathered by a questionnaire, and weight and height were measured. Spirometry was performed conform
the latest American Thoracic Society/European Respiratory Society statements [8]. Ultrasonography of the
a. carotis communis was performed according to previously described methods [9]. Both a lower
distensibility and a higher elastic modulus indicate a stiffer artery. This study was approved by the Medical
Ethics Committee of the University Medical Centre Utrecht (Utrecht, the Netherlands). Written informed
parental consent was obtained.
Linear regression analyses were performed to study the association between lung function as the
independent variable and vascular parameters as the dependent variable. In multivariable linear regression
analyses, we assessed the influence of anthropometrics and environmental factors in separate models.
Missing data on determinants were imputed using multiple imputations. Pooled results of 10 imputed
datasets are expressed as linear regression coefficients with 95% confidence intervals.
Within this study, 553 5-year-old children and 230 8-year-old children had a successful lung function and
vascular measurement. Table 1 shows the linear regression coefficients for the association of lung function
and vascular parameters in the different models. In the univariable model, there was a relation between
lower forced expiratory volume in 1 s (FEV1) and increased arterial stiffness (higher distensibility and lower
elastic modulus). After adjustment for age, sex, weight and height, there was no statistically significant
association anymore (model 2). Adjustment for early environmental factors, and adjustment for smoking
and experienced infections or allergies, in models 3 and 4, respectively, did not affect the association. The
results at the age of 8 years were similar to those at 5 years. The models with forced vital capacity as the
dependent variable showed similar results in the 5-year-old children. The linear regression coefficients had a
similar trend in the 8-year-olds, but did not reach statistical significance (data not shown).
In total, 184 children had a successful spirometry at the age of 5 and 8 years, and a vascular measurement at
the age of 8 years. A larger increase in FEV1 (DFEV1) from age 5 to 8 years was associated with increased
arterial stiffness (linear regression coefficients -25.42 MPa-1?L-1 (95% CI -42.42– -8.42 MPa-1?L-1) and
63.96 kPa?L-1, (95% CI 19.51–108.4 kPa?L-1) for distensibility and elastic modulus, respectively). After
adjustment for sex, weight and height at 8 years, the associations were no longer statistically significant
(-14.65 MPa-1?L-1 (95% CI -32.04–2.73 MPa-1?L-1) and 33.30 kPa?L-1 (95% CI -11.34–77.93 kPa?L-1) for
distensibility and elastic modulus, respectively). Adjustment for environmental factors alone did not affect
the association.
Our study provides evidence that, in childhood, higher lung function is associated with higher arterial
stiffness. This association was largely explained by anthropometry, while environmental factors alone did
not affect the association.
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TABLE 1 Association between lung function and arterial stiffness

Distensibility MPa-1
Model 1
Model 2
Model 3
Model 4
Elastic modulus kPa
Model 1
Model 2
Model 3
Model 4

Age 5 years

Age 8 years

-17.89 (-30.27– -5.50)
-7.67 (-23.34–8.00)
-17.48 (-29.94– -5.01)
-17.76 (-30.21– -5.30)

-17.75 (-28.26– -7.25)
-4.04 (-17.56–9.49)
-16.71 (-27.26– -6.17)
-18.35 (-28.94– -7.76)

35.08 (12.60–57.55)
19.49 (-8.77–47.75)
35.32 (12.69–57.94)
34.43 (11.82–57.05)

47.17 (18.84–75.50)
7.89 (-28.46–44.24)
46.44 (17.87–75.02)
47.29 (18.85–75.74)

Data are presented as linear regression coefficients representing difference in vascular outcomes per litre
increase in forced expiratory volume in 1 s based on the imputed datasets. Model 1: no adjustments; model 2:
adjusted for age, sex, height and weight; model 3: adjusted for smoke exposure of the mother during
pregnancy and 3 months postnatal growth; model 4: adjusted for current smoking of one of the parents,
infections and allergy diagnosed by a general practitioner. Bold indicates statistical significance.

To interpret the results of this study, some issues need to be considered. Some of our data are self reported
and possibly imprecise. For instance, parental smoking was self reported, although our data do seem to
reflect real smoking habits [10]. However, certainly not all measured (developmental) factors were self
reported. The visits to general practitioner were extracted from electronic medical records and information
about postnatal growth was prospectively gathered [11]. Although we cannot exclude the possibility of
residual confounding, we do believe to have maximally addressed this issue, given the measurements that we
have available.
We feel that our study has several strengths. To our best knowledge, our vascular measurements at the age
of 5 years are the youngest reported in a large group of healthy children. Given the complexity of
measurements, our sample size is substantial. Moreover, our study adds to insights on the association
between individual change in lung function and arterial wall characteristics.
Our findings are consistent with other studies. Recently, we performed a similar study to study the
relationship between blood pressure (including pulse pressure, an indirect marker of arterial stiffness) and
lung function from neonatal to elderly age. This study showed that, in young individuals, higher lung
function is associated with higher blood pressure. This association reversed with increasing age [12]. This
finding was consistent with another cross-sectional study performed in adults [4]. However, findings
opposite to our current results also have been presented. A study among 8-year-old children showed that
lower lung volumes are associated with increased arterial stiffness, measured by the augmentation index
[13]. The different findings from that study and ours are most likely due to differences in participants and
methodology. The participants of that study were at high familial risk of developing asthma. Selection on
asthma predisposition could have induced predominance of both lower lung volumes and stiffer arteries.
Currently, it is unknown whether properties of the vascular system in the young have the same
pathophysiological implications as in adults. Probably, the association between lower lung function and
higher arterial stiffness described in adulthood develops later in life. The biological pathway linking
respiratory function and arterial stiffness is still unknown, but as shown by our study, in childhood, this is
largely explained by anthropometry and not environmental factors. Based on previous literature [14], it can
be speculated that the reversal of the association might be due to prolonged exposure to pulmonary and
cardiovascular risk factors. A second explanation might be tissue stiffening (ageing) of both the pulmonary
and vascular systems over time. Third, the changes in pulmonary and vascular system over time might be
directly causally related. Longer follow-up is needed to give a better understanding of this reversal.
It is known that early-life adverse exposures could lead to permanent metabolic or structural changes, which in
later life result in cardiovascular disease [15]. From a preventive point of view, it is important to get a better
understanding of the early life origins of this association. It is probably too soon for practical purposes but
there is a need for studies on early origins of associations that are becoming quite clear in later life.
This is the first study exploring the association between lung function and arterial stiffness in a large group
of healthy children, measured at two different ages. In conclusion, our study provides evidence that the

2

association between impaired lung function and increased arterial stiffness, as described in adulthood, is not
present in childhood, but probably emerges later in life. The univariable association between higher lung
function and increased arterial stiffness is lost after adjusting for age, sex, weight and height.
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