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Hypertensive Effect of Bronchial Asthma
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Abstract
Background: Both bronchial asthma and hypertension are spastic disorders of smooth muscle, salt
sensitive and sometimes associated with higher renin-angiotensin system activity, suggesting
similarities between their aetiologies. This study was intended to assess the blood pressure status in
asthmatic patients.
Patients and Methods: The study involved two groups: a control group of 56 healthy subjects
matched for gender and age with the study group of 100 patients with a medical history of asthma
but no other respiratory disease. Asthma history was recorded to assess asthma activity at the time
of examination together with medications. The non-invasive ausculatory method was used for
measuring the systolic (SBP) and diastolic (DBP) blood pressures. Mean arterial blood pressure
(MABP) was determined by the formula: MABP = DBP + [(SBP — DBP)/3].
Results: DBP was significantly higher in asthmatics (mean+SD = 80+10 mmHg) compared with
non-asthmatics (mean+SD = 7510 mmHg) (P = 0.002). DBP of off-treatment asthmatics was
significantly higher compared with that of non-asthmatics (P = 0.015). Diastolic blood pressure of
asymptomatic patients was not significantly higher compared with that of symptomatic patients (P
= 0.774). Systolic and mean arterial blood pressures were not significantly different in asthmatics
and control groups (P =0.267 and 0.116 respectively).
Conclusions: In contrast to systolic and mean arterial blood pressures, diastolic blood pressure was
significantly elevated in asthmatics (even in off-treatment patients) compared with non-asthmatics
indicating mechanisms that predominantly increases peripheral vascular resistance.
Keywords: osmolarity, renin-angiotensin, catecholamines, endocrinometabolic.

oth bronchial asthma and hypertension may predispose the patients with
B hypertension are spastic disorders of one disease to the other’. Stress hormones like

smooth muscle. Asthmatics and cortisol and catecholamines may increase in
hypertensives are salt sensitive"?. Possible stressful conditions like asthma and expected
mechanisms that may lead to airway to induce hypertension'®"?. Some anti-asthma
reactivity include direct effect of salt on medications can induce hypotension e.g. beta-
bronchial smooth muscle contractility’ as well blockers,  while others are  known
as potential enhancement of the release of hypertensive agents e.g. steroids. However,
mast cell-derived inflammatory mediators, most medications are administered through
possibly through airway osmolarity changes"' the inhalation route and are less likely to
® Interestingly, the renin-angiotensin system cause systemic endocrinometabolic effects’.
was found to be activated in patients with Based on the above observations, patients
asthma during severe acute attacks’. Previous with asthma should have a regular blood
studies indicate that endogenous angiotensin pressure check during follow-up visits. This
I promotes  antigen-induced  airway study aims to investigate the relationship
hyperresponsiveness and eosinophil between bronchial asthma and blood pressure
accumulation by acting at type-1 receptors®. in a case control study.
Angiotensin Il is a potent vasoconstrictor Patients and Methods
which may increase blood pressure in Patients were selected from chest clinics of
asthmatics. Therefore, these similarities teaching hospitals in Khartoum State. The
between the pathophysiology of asthma and study involved two groups: a control group of
1. Department of Physiology, AlNeelain University. 56 healthy subjects matched for gender and
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age with the study group of 100 patients with
a medical history of asthma (at least for two
years) but no other respiratory or heart
diseases. The control groups were recruited
mainly from among university students and
employees.

Following verbal consent, asthma history and
drug therapy were recorded to assess asthma
activity at the time of examination. The non-
invasive ausculatory method was used for
measuring the blood pressure (Mercury in
glass Sphygmomanometer — GOH Industries
Limited - Japan). The systolic blood pressure
(SBP) was determined by appearance of heart
sounds (Korotkoff sound I) while diastolic
blood pressure (DBP) was determined by
disappearance of the sounds (Korotkoff sound
V). Mean arterial blood pressure (MABP)
was determined by the formula: MABP =
DBP + [(SBP — DBP)/3]. Patients were
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grouped according to the presence of
symptoms and according to anti-asthma
medication taken during the time of
examination. Screening studied variables for
significant differences in the means between
the groups was performed using analysis of
variance. When significant differences were
identified, individual groups were compared
using the Student two-tailed, unpaired T-test.
In all of these statistical tests, only P < 0.05
was considered significant.

Results

Diastolic blood pressure was significantly
higher in asthmatics (meantSD = 80+10
mmHg) compared with non-asthmatics
(mean+SD = 75410 mmHg) (P = 0.002). This
was true for both symptomatic (P = 0.014)
and symptoms-free asthmatics (P = 0.006)
(table 1).

Table-1: (A) means (M) and standard deviations (SD) of blood pressures for non-asthmatics,
asthmatics with and without symptoms (B) the significance of mean difference.

A Non Asthmatics Asthmatics Asthmatics Asthmatics with
(N =56) (N =100) without Symptoms
Symptoms (N =47)
(N =153)
M SD M SD M SD M SD
SBP 118.32 13.69 115.80 13.25 11670 13.66 11479 12.85
DBP 75.04 9.98 80.20 10.02  80.47 10.39  79.89 9.70
MABP 89.46 9.61 92.07 10.00  92.55 10.30  91.52 9.73
B Non Asthmatics Non Asthmatics Non Asthmatics  Asthmatics without
Vs Vs Vs Symptoms
Asthmatics Asthmatics without Asthmatics with Vs
Symptoms Symptoms Asthmatics with
Symptoms
SBP 0.267 0.537 0.180 0.473
DBP 0.002%* 0.006* 0.014* 0.774
MABP 0.116 0.110 0.284 0.611

* Significant mean difference

Diastolic blood pressures of asymptomatic
patients were not significantly different
compared with that of symptomatic patients
(P=0.774).

Systolic and mean arterial blood pressures
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were not significantly different in asthmatics
and control groups (P = 0.267 and 0.116
respectively). Diastolic blood pressure of off-
treatment asthmatics was significantly higher
compared with that of non-asthmatics (P =
0.015) (table 2).
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Table-2: (A) means (M) and standard deviations (SD) of blood pressures for non-asthmatics,
asthmatics classified according to drug taken (B) the significance of the difference between means

Asthrpatic Not Asthmatic Asthmatic Ast'hmatic
Non Asthmatics Asthmatics Tkag Beta Taking Beta Taking Steroid Taking bth
A (N = 56) (N = 100) OIS OT A gonist only only Beta Agonist
eroid (N = 27) (N=7) and Steroid
(N =26) (N = 40)
M SD M SD M SD M SD M SD M SD
SBP 11832 13.69 11580 13.25 115.69 13.07 11585 1342 115.69 13.07 117.75 1441
DBP 75.04 9.98 80.20  10.02 80.00 9.64 80.28 10.24  80.00 9.64 83.38 10.65
MABP | 89.46 9.61 92.07 10.00 9190 10.27 92.14 9.96 9190 10.27 94.83 10.70
B Non Non Non Non Asthmatics | Asthmatics |Asthmatics
Asthmatics | Asthmatics | Asthmatics | Asthmatics | Not Taking | Not Taking Not
Vs Vs Vs Vs Beta Beta Taking
Asthmatics | Asthmatics | Asthmatics | Asthmatics | Agonists or | Agonists or Beta
Not Taking Taking Taking Taking Steroids Steroids Agonists
Beta Beta Steroids Both Beta Vs Vs or Steroids
Agonists or | Agonists Only Agonists or | Asthmatics | Asthmatics Vs
Steroids Only Steroids Taking Taking |Asthmatics
Beta Steroids Taking
Agonists Only Both Beta
Only Agonists
or
Steroids
SBP 0.963 0.032* 0.383 0.845 0.460 0.301 0.924
DBP 0.015%* 0.495 0.570 0.000* 0.048* 0.319 0.273
MABP 0.066 0.577 0.834 0.013* 0.103 0.206 0.531

* Significant mean difference

Discussion

The finding that off-treatment asthmatics
have higher diastolic blood pressure
compared with non-asthmatics indicates that
high diastolic blood pressure in asthmatics is
not attributable to hypertensive anti-asthma
drug therapy. Furthermore, symptomatic
patients, which were expected to be on -2
agonist treatment (hypotensive agent), were
found to have higher diastolic blood pressures
compared with the control group (P = 0.014).
Stress  hormones  like  cortisol  and
catecholamines, which may be increased in
stressful conditions like asthma, are expected
to increase both systolic and diastolic blood
pressures alike'®'?. Therefore, a mechanism
that predominantly increases peripheral
vascular resistance and consequently diastolic
blood pressure may exist to explain these
findings.
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Previous studies of vessels in asthmatics have
focused on the pulmonary arteries'* and the
bronchial capacitance vessels in the bronchial
mucosa'®. There is an old report on the larger
bronchial arteries'® and almost no studies on
systemic arteries of asthmatic patients.
However, recent studies on abnormalities of
the bronchial arteries in asthmatics focused on
systemic arteries and peripheral vascular
resistance'”'®. Green et al described intimal
thickening of bronchial arteries in cases of
both fatal and non-fatal asthmat'®. The lesion
described was distinct from atherosclerosis
and was not related to changes associated
with cor pulmonale, which involves smooth
muscle proliferation in both intima and
media.

Although these findings could be part of
remodeling of airways compartments and not
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necessarily systemic process of all systemic
arteries, the following suggestions deserve
especial concern:

1. Long term effects:

According to Green et al. the intimal lesions
were not associated with inflammatory cells
either within or adjacent to vessels showing
the lesion. This finding when compared to
another study, which showed that remodeling
in the airway wall in patients with asthma is
associated with infiltration and activation of
inflammatory cells', it can be concluded that
humeral inflammatory factor(s) cannot be
ruled out as the cause of these permanent
vascular lesions. This is because the intima is
in closer contact with the circulating blood
than the unaffected media. These findings
suggest that similar intimal lesion may
compromise the arterioles in systemic
circulation but to a lesser extent as humeral
inflammatory factors will be diluted as they
reach the general circulation. This could
partially explain the mild increase in diastolic
blood pressure secondary to the expected mild
increase in the peripheral vascular resistance
of asthmatic patients.

2. Short term effects:

Although the bronchial circulation has
extensive collateral communications, it is
likely that the arterial luminal narrowing
observed by Green et al is physiologically
significant. A major function of the airway
circulation is to provide an essential route for
clearance of smooth muscle
bronchoconstrictor mediators. Csete et al
tested the hypothesis that airway perfusion
modifies the contractile response of airway
smooth muscle to allergen challenge by
influencing the clearance of locally released
spasmogens’". This study proved that antigen-
induced airway smooth muscle contraction in
vivo was due to alterations in airway blood
flow rather than to alterations in airway
smooth muscle responsiveness to chemical
mediators. This finding can also explain why
the degree of response of bronchial smooth
muscles to chemical mediators (marked
bronchoconstriction) is far more than vascular
smooth muscles (mild diastolic hypertension)
i.e. because a relatively small amount of
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chemical mediators (smooth  muscles
constrictors)  will reach the general
circulation.

On the other hand, the renin-angiotensin
system was found to be activated in patients
with asthma during severe acute attacks’. In
addition, there is evidence of synergy in
bronchoconstriction between Angiotensin Il
and some other bronchoconstrictors like
methacholine?'. The results of other studies

indicate that endogenous angiotensin II
promotes antigen-induced airway
hyperresponsiveness and eosinophil

accumulation by acting at type-1 receptors®.
Angiotensin II is a potent vasoconstrictor and
can therefore explain increased diastolic
blood pressure discussed above.

The mechanism of activation of the renin-
angiotensin system in asthma is uncertain.
High level of angiotensin II may be a
pathological phenomenon or it may represent
a physiological response to asthma attack?.
According to Ramsay et al, plasma renin and
angiotensin Il in asthmatics were strongly
correlated; implying renin-dependent
angiotensin II formation. However, the above
study failed to demonstrate correlation
between catecholamines, endothelin-1,
histamine, serum angiotensin converting
enzyme activity, total immunoglobulin E (as
indicators of the severity of anasthma attack),
renal function and renin or angiotensin II
levels. Interestingly, Ramsay et al also did
not demonstrate a relationship between blood
pressure and renin or angiotensin II levels?.
Conclusion

In contrast to systolic and mean arterial blood
pressures, diastolic blood pressure was
significantly elevated in asthmatics compared
with non-asthmatics. Further studies are

needed to identify possible causes of
increased  diastolic blood pressure in
asthmatics. Research areas in this field

include looking for evidences suggesting
systemic arteries remodeling as result of
chronic intimal contact with inflammatory
mediators released from the lungs as well as
searching for a common pathology that can
explain bronchoconstriction and peripheral
vasoconstriction simultaneously
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