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A B S T R A C T

Background: Asthmatics are at increased cardiovascular disease risk, which has been linked to beta2(β2)-agonist
use. Inhalation of β2-agonists increases sympathetic nerve activity (SNA) in healthy individuals, however the
systemic impact of salbutamol in asthmatics using β2-agonists regularly is unknown.
Objectives: This study compared the systemic vascular responses to a clinical dose of salbutamol (Phase I) and
following an acute increase in SNA (Phase II) in asthmatics and controls.
Methods: Fourteen controls and 14 asthmatics were recruited for Phase I. On separate days, flow-mediated di-
lation (FMD) and peripheral arterial stiffness (pPWV) were evaluated at baseline and following either 400 μg
inhaled salbutamol or a placebo inhaler. For Phase II, heart rate, blood pressure, vascular conductance, pPWV,
and central (c)PWV were evaluated in response to a large increase in SNA brought on by cold-water hand
immersion (i.e. cold-pressor test) or body-temperature water hand immersion (i.e. control) in 10 controls and 10
asthmatics.
Results: Following salbutamol, asthmatics demonstrated reduced FMD (−3.0%, p < 0.05) and increased pPWV
(+0.7 m/s, p < 0.05); however, salbutamol had no effect in controls. The cold-pressor test resulted in similar
increases in blood pressure, vascular flow rates and conductance, pPWV, and cPWV in both asthmatics and
controls, suggesting similar neurovascular transduction in asthmatics and controls.
Conclusion: Inhaled Salbutamol leads to increased arterial stiffness and reduced FMD in asthmatics. As asth-
matics and controls had similar vascular responses to an increase in SNA, these findings suggest asthmatics have
heightened sympathetic responses to β2-agonists which may contribute to the increased cardiovascular risk in
asthma.

1. Introduction

Although asthma is primarily considered a disease of the airways,
people with asthma are also at an increased risk of developing cardio-
vascular (CV) diseases such as coronary heart disease, cerebrovascular
disease, and heart failure [1–5]. The risk of CV disease increases with
decreased asthma control [2,4,6,7], and flare-up in asthma symptoms
causing increased medication usage, emergency department visits, and/
or hospitalizations, are a significant risk factor for CV events [4].
However, the reasons for the elevated CV risk in asthma are unknown.

While it is plausible that flare-ups in inflammation during asthma
exacerbations [8] contribute to this increased CV risk, reduced asthma

control is also linked to greater use of asthma medication containing
beta2(β2)-agonists [9–11]. The usage of β2-agonists has been associated
with increased CV risk independent of obstructive lung disease,
smoking history, other CV disease risk factors [5,12]. Specifically, acute
coronary events (myocardial infarctions and unstable angina) are up to
twice as prevalent among those who have filled prescriptions for β2-
agonists within the three months prior to the CV events [12]. Thus, it
has been suggested that asthma medications containing β2-agonists
may have deleterious extra-pulmonary effects [5,12].

The sympathetic nervous system is an important regulator of cardiac
function, and through the stimulation of β-adrenoceptors, an increase
in sympathetic activity has both inotropic and chronotropic effects. The
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short-acting β2-agonist salbutamol is commonly used as part of stan-
dard asthma management [13], and due to the 4:1 ratio of β1 vs β2-
adenoceptors in the heart [14,15], salbutamol is not considered to have
a significant impact on cardiac function. However, both our laboratory
and others have found that short-acting β2-agonists cause acutely in-
creased sympathetic activity in healthy individuals [16–18], which was
demonstrated directly as total sympathetic activity recording with
neurography [17]. Importantly, when chronically elevated, sympa-
thetic activity is associated with impaired vascular heath [19] and in-
creased CV risk [20]. Consistent with this, patients with asthma have
been shown to have increased arterial stiffness [21,22] and impaired
vascular function [23], which are both predictive of CV events [24,25].

It is known that repeated usage of salbutamol leads to increased
airway tolerance, resulting in a lower degree of bronchoprotection
during bronchoconstrictive challenges [11], likely due to decreased β2-
adrenoceptor sensitivity and density within the lungs [11]. Similarly,
desensitization of β2-adrenoceptor found in the CV system are believed
to impair the physiological responses to increased sympathetic activity
[26], leading to an inability to maintain adequate cardiac function.
Importantly, as the vast majority of research examining CV con-
sequences of salbutamol has been conducted in salbutamol-naïve in-
dividuals([16–18,27–31]), it is unknown if chronic salbutamol use and/
or having asthma lead to a different or adverse acute systemic vascular
response following salbutamol inhalation. The purpose of this study
was to evaluate the acute effects of inhaled salbutamol on systemic
endothelial function and arterial stiffness in asthmatics and non-asth-
matic controls (Phase I). Subsequently, the potential mechanisms as to
why asthmatics respond differently to salbutamol than controls were
explored (Phase II). Here, the cold-pressor test (CPT) was used to elicit a
large non-specific increase in sympathetic outflow to determine if the
systemic vascular response to a given sympathetic outflow is altered
between asthmatics and non-asthmatics.

2. Methods

2.1. Ethics, consent and permissions

This study was approved by the University of Alberta Ethics Board,
and all subjects were required to sign informed consent prior to parti-
cipating.

2.2. Research participants and study overview

Fourteen participants with physician-diagnosed asthma currently
using salbutamol for asthma management, and 14 age-, body mass
index (BMI)-, and sex-matched healthy controls without asthma or prior
salbutamol exposure, were recruited for Phase I of the study. All par-
ticipants were free from known underlying CV disease or respiratory
disease other than asthma. Of the 14 individuals with asthma, six were
prescribed controller medications containing a combination of inhaled
corticosteroids (ICS) and long acting β2-agonists (LABA). The partici-
pants were instructed to withhold asthma controller medications for a
minimum of 48 h and short-acting β2-agonists for 8 h prior to each test
day. All participants were requested to withhold food, caffeine, and
exercise for 8 h, prior to each test. Participants reported to the labora-
tory in the morning of two separate days, 48 h apart. The participants
were instructed to rest for 10min in the supine position in a dimly lit
and temperature-controlled room. Baseline measures (endothelial
function and arterial stiffness) were then recorded, followed by either
1) 400 μg inhaled salbutamol (Ventolin® inhalation aerosol, Glaxo-
SmithKline, Mississagua, Canada) or 2) placebo (placebo inhalation
aerosol, Glaxo-SmithKline, Mississagua, Canada) administered orally
over four inhalations using a space chamber (ProChamber, Respironics,
Parsippany, USA), with each inhalation being held for 10-s (Ventolin®

HFA Patient Information, Glaxo-SmithKline, Mississauga, Canada).
Previous research from our laboratory found that 400 μg of inhaled

salbutamol was a large enough dose to elicit detectable changes in ar-
terial stiffness and SNA [17]. Unpublished data from this work sug-
gested that 200 μg of inhaled salbutamol did not affect SNA, and
therefore 400 μg salbutamol was chosen for the current study. Follow-
up measures were recorded 15min after the last inhalation. The order
of the two days was randomized, and the participant was blinded to
drug administration. As the heart rate response to salbutamol is pro-
minent, it was not possible for the investigators performing the ex-
periments to be blinded to the drug condition. Subsequent vascular
analysis was performed with the investigator blinded to the order of
drug administration, and due to the automated nature of the vascular
data analysis software, the risk of introducing bias due to lack of
blinding was low.

The CPT (Phase II) was completed in a group of 10 asthmatics and
10 non-asthmatic controls (four controls and four asthmatics over-
lapped as participants from Phase I), using the same inclusion and ex-
clusion criteria, and pre-test instructions as for Phase I. Among the
participation with asthma in Phase II, three individuals were prescribed
ICS + LABA combination medications, three ICS only, and one parti-
cipant was prescribed a montelukast controller medication. Baseline
measures (brachial and carotid flow and conductance, peripheral and
central arterial stiffness, heart rate, blood pressure) were then collected
in the supine position over a period of 6 min, followed by the partici-
pant lowering their left hand into either 1) body-temperature water
(BT) or 2) ice water (IW) for an additional 6 min while measurements
were recorded. The order of the testing days was randomized. As FMD
cannot be recorded continuously, it was not selected as an outcome in
Phase II of the study.

For characteristic purposes, on a separate day, all participants un-
derwent standard spirometry testing according to current guidelines
[32].

2.3. Measurements - phase I

2.3.1. Hemodynamic evaluation
Brachial blood pressure, heart rate (BioAmp; ADInstruments,

Australia) and finger beat-to-beat blood pressure (Finometer Midi,
Amsterdam, Netherlands) were recorded, with heart rate and beat-to-
beat blood pressure integrated via LabChart 8.0 (PowerLab 16/30;
ADInstruments, Australia).

2.3.2. Arterial stiffness
Peripheral pulse wave velocity (pPWV) between the carotid and

radial arteries was assessed as previously described [33]. Briefly, a
minimum of 15 consecutive beats were recorded simultaneously at each
measuring site using applanation tonometry (Micro-Tip Catheter
Transducer mordel SPT-301, Millar Instruments, Inc., Houston, USA)
whereby the distance between the sites on the arteries was measured.
The time difference (Δ-time) between pulse waves was manually ana-
lyzed offline between the foot of the upslope of each pulse wave using
LabChart 8.0 (PowerLabs, ADInstruments). PWV was then calculated as
distance/Δ-time (m/s) and used for evaluation of arterial stiffness [34].
An increase in PWV of 1m/s corresponds to a 14% increase in risk of
CV events [25].

2.3.3. Endothelial function
Baseline diameter and blood flow of the brachial artery measured at

the upper right arm was established over 1min using Doppler ultra-
sonography (8L-RS 4.0–13.0MHz probe, Vivid q, GE Healthcare,
Mississauga, ON). Following 5min of occlusion of the lower limb distal
to the measuring site, the same section of the brachial artery was im-
aged for an additional 3min for evaluation of changes in diameter and
blood flow (Medical Imaging Applications, LLC, Coralville, IA, USA;
EchoPAC PC software, version 110.x.x, GE Healthcare, Horten,
Norway). Shear stress following reactive hyperemia (SSRH) was cal-
culated as 8 x mean velocity until peak FMD/(baseline diameter/10)
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(dynes/cm2) until peak dilation [35]. Flow-mediated dilation (FMD, %
baseline) was assessed as Δ-diameter/baseline diameter*100 and nor-
malized for SSRH [35]. For each 1% reduction in FMD, cardiovascular
disease risk is believed to increase up to 9% [24].

2.4. Measurements - phase II

2.4.1. Hemodynamic measurements
Beat-to-beat blood pressure (Finometer Midi), heart rate (one-lead

ECG, BioAmp), and brachial and carotid arterial blood flow (Vivid q, GE
Healthcare) data were obtained throughout the 6min of baseline and
the following 6min of either BT or CPT, and recorded in LabChart 8.0
(PowerLab, ADInstruments). Data recorded at baseline and at 2min of
hand submersion (BT and IW) were used for analysis.

2.4.2. Arterial stiffness
In addition to pPWV, central (cPWV) was assessed as the PWV be-

tween the carotid – femoral arteries, using the same approach as de-
scribed above for pPWV. An average of the first minute at baseline, and
a 15 s average at 2min of hand submersion during the BT and IW were
used to evaluate pPWV and cPWV response.

2.4.3. Blood flow and vascular conductance
Carotid and brachial arterial blood flow were evaluated by Doppler

ultrasound (8L-RS 4.0–13.0MHz probe, Vivid q, GE Healthcare; and
EchoPAC PC software, version 110.x.x, GE Healthcare) and averaged
over 60 s at baseline, and a 15 s average at 2min of hand submersion
for both BT and IW. Vascular conductance was calculated as blood flow/
mean arterial pressure (ml/min/mmHg).

2.5. Statistical analysis

All statistical analyses were performed using SPSS Statistical soft-
ware v. 24.0.0.0 (IBM Corp™, Armonk, USA) and graphs generated with
SigmaPlot (version 13.0, Systat Softwear, Inc., San Jose, USA). For all
inferential analyses, the probability of Type I error was set at 0.05.
Baseline characteristics and pulmonary function for controls and asth-
matics were compared separately for Phase I and Phase II using
Student's t-test and chi-square tests. Vascular responses to salbutamol
and placebo for Phase I were compared between groups before and after
drug administration using a three-way repeated measure ANOVA.
Hemodynamic, brachial, and carotid responses during Phase II to the
IW or BT between control and asthma were evaluated at baseline and at
2min into BT or IW using a three-way repeated measure ANOVA.

3. Results

3.1. Subject characteristics

As outlined in Table 1, the controls and asthmatics were well mat-
ched on baseline characteristics, including sex, age, and BMI. Baseline
spirometry values did not differ between controls and asthmatics in
Phase I. In Phase II, there were no differences in FEV1 or FVC (% pre-
dicted) without bronchodilator between groups; however, the asth-
matics in Phase II had a slightly lower FEV1/FVC-ratio than controls.

3.2. Phase I

3.2.1. Hemodynamic responses to salbutamol
Following salbutamol inhalation, heart rate (HR) increased by

1.1 ± 6.4 and 0.9 ± 5.2 beats per minute compared to baseline in
controls and asthmatics, respectively (p=0.01), but no differences
were observed between groups and no increase in HR was seen with
placebo. Blood pressure remained stable in both groups following both
placebo and salbutamol (see Table 2).

3.2.2. Vascular responses to salbutamol
As displayed in Fig. 1, the endothelial function responses following

salbutamol compared to placebo were different between asthmatics and
controls; while no overall differences were seen in controls with the two
drug conditions (placebo: pre 5.5 ± 1.2, post 6.0 ± 1.3%; salbutamol:
pre 7.0 ± 1.2, post 7.5 ± 1.2%), the asthmatics demonstrated an
impaired FMD response following salbutamol compared to placebo
(placebo: pre 6.1 ± 1.1, post 8.4 ± 1.1%; salbutamol: pre 6.1 ± 1.2
to post 3.1 ± 1.1%, p=0.042). Similarly, the responses in arterial
stiffness following placebo and salbutamol were different in asthmatics
and controls; in asthma, salbutamol resulted in a larger increase in PWV
than did placebo (placebo: 8.3 ± 1.0 to 8.5 ± 1.2m/s; salbutamol:
8.0 ± 0.8 to 8.7 ± 1.1m/s), but neither placebo nor salbutamol af-
fected PWV in controls (placebo: 7.5 ± 0.8 to 7.5 ± 0.9m/s; salbu-
tamol: 7.7 ± 0.8 to 7.6 ± 1.1m/s, p=0.027 for three-way interac-
tion).

3.3. Phase II

3.3.1. Hemodynamic responses to the CPT
During phase II of testing, both HR and mean arterial pressure

(MAP) increased over the first 2min in a similar pattern in both asth-
matics and controls, as indicated by statistically significant interaction
(p < 0.005 for both) between time-point of measurement (baseline vs
2min) and type of water condition (BT vs IW) (Fig. 2); however, there
were no between group differences in neither HR (p= 0.374) nor MAP
(p= 0.848) with the different water conditions.

3.3.2. Brachial, carotid and PWV responses to the CPT
Brachial blood flow remained stable during both BT and IW hand

submersion in both groups (p=0.618, Fig. 2) but carotid blood flow
significantly increased during the IW condition in a similar manner
between asthma and control (p = 0.006 for time-point*water interac-
tion, Fig. 2). While brachial conductance was lower during the IW hand
submersion than baseline (p=0.034), carotid conductance remained
stable; however, for both parameters there were no differences in re-
sponses between asthmatics and controls. Peripheral arterial stiffness
increased from baseline to the 2min mark regardless of disease or water
condition (p=0.026). No difference in central arterial stiffness was
seen between water conditions, time-point of measurement, or disease
conditions (p=0.557, Fig. 3).

4. Discussion

This is the first study to demonstrate that the inhaled β2-agonist
salbutamol adversely impacts systemic vascular function in asthmatics,
as demonstrated by a reduction in vascular function and an increase in
arterial stiffness. In the second phase of this study, the systemic vascular
responses to a large non-specific sympathetic stimulus, delivered via the
CPT, were evaluated in asthmatics and controls. As no between-group
differences in the vascular responses to the CPT were observed, these
results suggest that asthmatics have a similar vascular response to a
given sympathetic outflow (i.e. similar neurovascular transduction),
and that the increased PWV with salbutamol in these patients is likely
explained by a greater sympathetic response to salbutamol.

CV disease in asthma has previously been linked to β2-agonist usage
[5,12]. However, studies have typically used health administrative data
to demonstrate an association between β2-agonist use and CV events,
making it difficult to separate medication usage from other risk factors
associated with an asthma exacerbation. For example, the use of β2-
agonists has also been associated with increased risk of asthma death
[36], and since β2-agonist usage usually increases as asthma control
decreases(13), the higher asthma mortality is likely due to poor asthma
control resulting in higher β2-agonist usage, consequently leading to
further airway tolerance and reduced asthma control. The results from
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the current study demonstrate adverse changes in both arterial stiffness
and endothelial function acutely following salbutamol administration
in asthma, independent of changes in lung function. Based on previous
work, the increase in arterial stiffness and impairment in endothelial
function seen with salbutamol would be associated with an acute in-
crease in CV risk of between 10 and 25% [24,25]. Importantly, the
increased CV risk of salbutamol during an actual asthma exacerbation
may be greater, being that the medication would be used during a
period of heightened inflammation [8], with potential hypoxemia and
hypercapnia.

Numerous studies have examined the vascular responses to both
intravenous [27] and inhaled [16–18] β2-agonists, and the results ty-
pically depend on dosage and method of administration. Common re-
sponses to β2-agonists include increased HR [17,18], reduced vascular
resistance(16, 18), but no changes in BP([16–18,29]). In a previous
study from our laboratory, participants with no previous salbutamol
exposure demonstrated a 23% increase in total muscle SNA following
salbutamol inhalation without concurrent changes in blood pressure
[17]. These results indicate that salbutamol administration acutely in-
creases sympathetic drive independently of baroreflex feedback.
Chronically increased sympathetic outflow can affect vascular re-
modelling and tone [19]; therefore, regular use of salbutamol may
contribute to the chronically elevated arterial stiffness [7,22,37] and
reduced endothelial function [6] seen in asthmatics.

With repeated β2-agonist exposure, the density and sensitivity of the
β2-adrenoreceptor in the airways decrease [11,38]. In heart disease,
chronic sympathetic activation leads to a desensitization of the β2-
adenoceptor located in the CV system [39] but is it unclear if chronic
inhaled β2-agonist use leads to desensitization of the β2-receptors in the
CV system. Thus, it is plausible that modifications in receptor sensitivity

and density alters neurovascular transduction in asthma. To further
investigate the mechanism(s) for the altered vascular responses to sal-
butamol in asthmatics in Phase I of the current study, a non-specific
increase in SNA, elicited by the CPT, was used in Phase II to examine
whether there was a divergent vascular response between asthmatics
and controls. The CPT typically increases muscle SNA 30–35% in health
[40] and disease [41,42], with the peak response usually seen within
the first 2min of hand submersion [43]. Contrary to our hypothesis,
there were no between-group differences in the vascular responses to
the increase in sympathetic output, suggesting asthmatics maintain
normal neurovascular transduction to a given sympathetic stimulus.
Thus, the increases in arterial stiffness and reduced endothelial function
observed following β2-agonist inhalation in asthmatics likely stems
from differences upstream from the β2-adrenoceptor-smooth muscle
coupling, such as increased sympathoexcitation in response to salbu-
tamol inhalation.

4.1. Limitations

While the muscle SNA responses to the CPT have been shown to be
similar in healthy individuals and in other diseased conditions [41,42],
it is unknown if SNA increases in a comparable manner in asthma.
Changes in heart rate variability (HRV) correlate well with muscle SNA
during stable conditions in healthy people, but not during autonomic
challenge tests such as the CPT [40], and thus HRV was not used as a
surrogate marker of SNA in the present study. Further research is en-
couraged to directly measure SNA in asthma both at rest and in re-
sponse to salbutamol to further understand the autonomic and CV re-
sponses to salbutamol in asthma.

As the first study to-date looking at the CV responses to a

Table 1
Subject characteristics. Values are expressed as mean ± standard deviation.

Phase I Phase II

Control Asthma Control Asthma

Sample size (male/female) 14 (7/7) 14 (7/7) 10 (4/6) 10 (5/5)
Age (years) 22.8 ± 3.0 23.1 ± 2.8 23.3 ± 3.0 25.9 ± 4.4
Height (m) 1.7 ± 0.1 1.7 ± 0.1 1.7 ± 0.1 1.7 ± 0.1
Weight (kg) 73.0 ± 13.0 73.8 ± 15.1 73.3 ± 15.7 80.4 ± 19.4
BMI (kg/m2) 24.1 ± 3.0 24.3 ± 3.1 24.3 ± 3.7 27.5 ± 5.3
Allergies (%) 50.0 78.6 20.0 80.0*
FEV1 (% predicted) 102.1 ± 17.1 96.7 ± 12.8 104.7 ± 0.8 96.9 ± 14.2
FVC (% predicted) 102.6 ± 13.5 105.4 ± 15.0 106.2 ± 16.3 108.0 ± 10.7
FEV1/FVC 83.0 ± 6.0 77.6 ± 10.1 82.7 ± 4.4 75.4 ± 7.9*
Short-acting β-agonist usage
Duration (years) 0.0 ± 0.0 13.1 ± 6.8 0.0 ± 0.0 10.2 ± 5.3
Intensity (puffs/week) 0.0 ± 0.0 2.8 ± 2.4 0.0 ± 0.0 2.1 ± 1.2

BMI: body mass index; FEV1: forced expired volume in 1 s; FVC: forced vital capacity. *p < 0.05 between asthma and control.

Table 2
Hemodynamic responses to placebo and salbutamol among controls and asthmatics during Phase I. Values are expressed as mean ± standard deviation.

Control Participants Participants with Asthma

Baseline 1 Placebo Baseline 2 Salbutamol Baseline 1 Placebo Baseline 2 Salbutamol

HR (bpm) 60.2 ± 6.6 56.3 ± 6.8 61.7 ± 8.5 62.8 ± 9.7* 59.5 ± 8.8 56.4 ± 10.4 59.4 ± 8.8 60.3 ± 9.4*
SBP (mmHg) 106.2 ± 8.4 104.2 ± 9.1 106.8 ± 11.3 109.9 ± 11.6 108.0 ± 12.2 108.9 ± 11.0 106.8 ± 13.1 108.7 ± 12.2
DBP (mmHg) 64.6 ± 8.0 63.3 ± 6.3 64.8 ± 6.7 64.5 ± 6.4 67.0 ± 9.5 69.3 ± 6.3 67.0 ± 10.1 67.7 ± 7.2
MAP (mmHg) 78.4 ± 7.6 76.9 ± 6.6 78.8 ± 6.8 79.6 ± 7.0 80.7 ± 9.8 82.5 ± 7.3 80.2 ± 10.7 81.3 ± 8.7
PP (mmHg) 41.6 ± 6.5 40.9 ± 6.7 42.0 ± 10.9 45.3 ± 10.4 41.0 ± 8.0 39.7 ± 8.0 39.8 ± 6.9 41.0 ± 6.4

HR: heart rate; bpm: beats per minute; SBP: systolic blood pressure; mmHg: millimeter mercury; DBP: diastolic blood pressure; MAP: mean arterial pressure; PP: pulse
pressure. *p < 0.05 for drug*time interaction.
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therapeutic dose of inhaled β2-agonists among people with asthma who
are chronically exposed to β2-agonists, this study would be consistent
with epidemiologic data reporting that repeated and/or chronic ex-
posure to salbutamol may be detrimental for CV health [44]. However,
while the current study evaluated the acute systemic responses to sal-
butamol among a clinically representable sample of asthmatics, the
medication history was variable. Stewart et al. [10] found that the
bronchoprotective effect of salbutamol declines after three doses of
200 μg taken over two days, and a significant reduction could be seen
after only seven doses over four days. Based on this work, the average
salbutamol usage of 2.8 and 2.1 doses of 100 μg/week used in Phase I
and Phase II, respectively, was not likely large enough to elicit sig-
nificant airway tolerance. Furthermore, six of the participants in Phase
I, and three of the participants in Phase II were prescribed controller
medications containing LABA, a drug also known to cause changes in
the sensitivity of the β2-adenoceptors [9]. However, the current study
was not designed to evaluate the impact of length and/or intensity of
salbutamol or LABA usage, and further research is needed to establish
the CV impact of chronic short- and long-acting β2-agonists exposure.

Other prescribed medications for asthma, including ICS and mon-
telukasts, may also affect the long-term vascular health among people
with asthma; even though all participants were asked to withhold
medications prior to each test day, this study did not control for the
long-term use of other asthma medications. It is thus possible that
history of medication use may have influenced the outcomes in the
current study.

Factors that have been associated with asthma previously, such as
lower levels of physical activity [45,46] and systemic inflammation
[47,48], are known to influence endothelial function and arterial
stiffness in health and disease [49–52]. As CV disease development is a

dynamic process occurring over time, it can be speculated that those
with long-standing asthma may exhibit lower baseline endothelial
function, higher baseline arterial stiffness, and an altered vascular re-
sponsiveness to salbutamol as compared to people with newly-onset
asthma. Further research is encouraged to assess the relationship be-
tween asthma duration and vascular reactivity. Additionally, the in-
clusion criteria for asthmatics in the current study was physician-di-
agnosed asthma with a history of salbutamol usage. While the emphasis
was on previous salbutamol usage when recruiting asthmatics, it is
possible that some of the individuals in the asthma group may not
demonstrate confirmed asthma according to current guidelines [13,53].

4.2. Conclusion

Patients with asthma who use salbutamol chronically were found to
have adverse systemic vascular responses to inhaled salbutamol, as
indicated by reduced vascular function and increased arterial stiffness.
The differences in vascular responses to salbutamol between asthmatics
and non-asthmatics were not explained by differences in the vascular
responses to increased sympathetic output, suggesting the reason
asthmatics respond differently to inhaled salbutamol is likely due to
greater sympathoexcitation in response to salbutamol, rather than al-
tered neurovascular transduction. The adverse vascular responses to
salbutamol among asthmatics may contribute to the increased risk of
CV diseases such as coronary heart disease, cerebrovascular disease,
and heart failure seen in asthma. These findings would suggest that
clinicians should be cautious of significant β2-agonist use by their pa-
tients.

Fig. 1. Vascular responses to placebo and salbutamol in control and asthma. SSRH: shear stress following reactive hyperemia. Graphs display mean ± SEM.
*p < 0.05 for interaction between groups and drug conditions.
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Fig. 2. Hemodynamic responses during body temperature (BT) hand immersion and ice water (IW) among asthmatics and controls. Data displayed as mean ± SEM.
*p < 0.05 for time point-water condition interaction, **p < 0.05 for main effect for water condition.
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