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Is serum cholesterol a risk factor for asthma?
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ABSTRACT

Background: Proinflammatory role of serum cholesterol in asthma has been recently explored with contradicting results.
Clarity on the link between serum cholesterol and asthma may lead to new evolutions in planning management strategies.
The objective of our study was to examine the relationship between the serum cholesterol, asthma and its characteristics.
Materials and Methods: A total of 40 asthmatics and 40 normal subjects were examined cross-sectionally and their
serum fasting cholesterol and serum high sensitivity C reactive protein (hsCRP) levels were measured along with
other baseline investigations. All subjects were non-smokers. Results: Serum total cholesterol (mean + SD) among
asthmatics was 176.45 + 30.77 mgs/dL as compared to 163.33 + 26.38 mgs/dL among normal subjects (P < 0.05). This
higher serum cholesterol level was found to be associated with asthma independent of age, gender, body mass index
(BMI), socio-economic status and serum hsCRP levels. However, the association was only modest (adjusted odds ratio
1.033; 95% confidence interval [Cl] 1.008-1.059). There was no association between the serum cholesterol and asthma
characteristics such as duration of iliness, intake of inhaled steroids and frequency of emergency department visits. Other
risk factors identified were poor ventilation (adjusted odds ratio 9.27; 95%CI 1.83-46.99) and overcrowding (adjusted
odds ratio 41.9; 95% CI 3.15-557.46) at home. Conclusion: Our study found a modest but significant association
between higher levels of serum cholesterol and asthma, which is independent of age, gender, BMI, socio-economic
status and serum hsCRP. Future research is required in a larger population to substantiate above association and its
clinical implications. Poor ventilation and overcrowding at home are risk factors for asthma possibly facilitating increased
exposure to indoor allergens.
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INTRODUCTION

Asthma currently affects about 300 million people world-
wide,"and with this, number of patients seeking specialized
asthma care has also increased.” Global Initiative for Asthma
(GINA) 2011, has defined asthma as a chronic inflammatory
disorder of the airways in which many cells and cellular
elements play a role.”! The chronic airway inflammation
is associated with airway hyperresponsiveness that leads
to recurrent episodes of wheezing, breathlessness, chest

Access this article online

Quick Response Code: .
Website:

www.lungindia.com

DOI:
10.4103/0970-2113.120604

Lung India * Vol 30 * Issue 4 * Oct - Dec 2013

tightness, and coughing, particularly at night or in the
early morning. Such a chronic inflammatory state in
asthma is triggered and maintained at various levels by
environmental factors. There are many host related factors
that add upto inflammation and consequently increasing
the occurrence of asthma. One such proinflammatory host
factor that has gained interest among researchers in recent
years is serum cholesterol level. It is well established that
hypercholesterolemia is associated with enhanced expression
of proinflammatory mechanisms leading to increased levels
of proinflammatory cytokines,* cellular adhesion molecules®®
and inflammation sensitive plasma proteins.!®!

Going by these proinflammatory properties, it has
been hypothesized that serum cholesterol may also
potentiate eosinophilic inflammation in those with
genetic susceptibility for asthma thereby leading to its
increased phenotypic expression [Figure 1]. Studies at
cellular level” have indicated an undeniable role of
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Figure 1: Hypothetical model of pro-inflammatory role of serum
cholesterol in enhanced expression of asthma

cholesterol metabolism in the pathogenesis of asthma and
few studies have suggested that cholesterol trafficking
and inflammation are coupled in the lung."*"? Evidence
from animal models have substantiated above mentioned
cellular mechanisms.[****) Most representative of these
studies was by Yeh and Huang who showed in the murine
model that increase in dietary cholesterol resulted in
enhanced pulmonary allergic inflammation."¥ There
was a significant correlation between serum cholesterol
and elevated inflammatory markers in bronchoalveolar
lavage fluid such as eosinophil counts, interleukin-5,
prostaglandin E (2) and monocyte chemoattractant
protein-1. Authors also found that the administration of
pravastatin decreased pulmonary allergic inflammation.
Similar anti-inflammatory effect of statins at varying doses
has been demonstrated in other animal studies indicating
its therapeutic potential in asthma.%2%

Despite of encouraging results from fundamental research
in support of the hypothetical link between serum
cholesterol and asthma, clinical studies have yielded
divergent results. While some studies have denied?*?*
any relationship between asthma and serum cholesterol,
few others have shown positive?® as well as negative**%!
correlations. This has led to unclear knowledge about the
subject of interest. Furthermore, the inflammatory link
between asthma and cholesterol needs to be explored.
Serum highly sensitive C reactive protein (hsCRP) as a
surrogate marker of systemic inflammation may be useful
in decoding this link. Addressing these gaps in knowledge
is essentially important and may lead to newer strategies
to tackle simultaneously two major diseases: Asthma and
dyslipidemia. We attempted to evaluate the risk of asthma
in relation to serum cholesterol level and to establish
inflammatory link for the above relationship as proposed
in the hypothetical model.
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MATERIALS AND METHODS

This was a cross-sectional and case-control study involving
asthmatic patients attending the chest clinic of a tertiary
care center and an equal number of healthy volunteers.
A sample size of 13 in each group was calculated to be
sufficient to detect a mean difference of 14, with a power
of 80% and significance of 5%, assuming a standard
deviation of 12.8 based on previously published data.**
Forty asthmatics were recruited whose diagnosis was
established based on criteria suggested by the Expert
Panel Report III of the National Institute of Health, USA.[2¢
Forty normal subjects were recruited for the control
group. All study subjects were of age between 18 years
and 40 years and were never smokers. Asthmatics did
not have acute exacerbation or any clinically evident
focus of infection, ongoing or within 2 weeks prior to
the recruitment. Subjects with current or past history of
diabetes mellitus, cardiovascular diseases, malignancy,
systemic inflammatory disorders, nephrotic syndrome,
familial hypercholesterolemia, liver diseases, thyroid
disorders, and other conditions known to be associated
with deranged lipid profile or C reactive protein (CRP)
levels were excluded. Their treatment records were
carefully reviewed and those with a history of current
or recent intake of statins, systemic steroids and other
drugs that are known or suspected to influence lipid
metabolism were excluded. Besides above mentioned
selection criteria, subjects recruited for the control group
did not have current or past history of atopy or allergic
diseases and also denied any family history of allergic
diseases. This study was approved by institutional ethics
committee and all subjects gave written informed consent
before enrollment.

A detailed history about the symptoms was taken from
all patients and general and systemic examination
was carried out. The details regarding patient’s socio-
demographics including education, marital status,
family size, dwelling and employment were obtained.
Socio-economic status of the subjects was assessed
by modified Prasad scale adjusted for All India Whole
Price Index during the study period.[?”?% This scale
include five socio-economic classes based on per capita
income monthly: Class I: Rs. 4110 and above; Class II:
Rs. 2050-Rs. 4109; Class III: Rs. 1230-Rs. 2049; Class IV:
Rs. 620-Rs. 1229 and Class V: Rs. 620 and below. Adequate
ventilation was defined as each room at home has at least
one window into open space, which along with a door
facilitates adequate cross ventilation. Overcrowding at
home was defined when two persons over 9 years of
age, not husband and wife, of opposite sexes are obliged
to sleep in the same room."*” In females, menstrual, and
obstetric history was taken. A detailed history of disease
characteristics such as duration of illness, treatment in the
past, comorbidities both related and unrelated to asthma,
family history and burden of environmental triggers at
home as well as workplace, was recorded. Frequency of
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unscheduled visits to a health facility, for acute wheezing
during 6 months prior to the recruitment was noted. All
relevant clinical and laboratory/radiological details as
available from medical records were noted. Following a
detailed clinical evaluation, all subjects were sampled
five milliliters of blood after fasting for about 8-10 h.
The samples were allowed to clot and then centrifuged
at 3,000 rpm for 5 min. Serum collected from the
centrifuged sample was used to measure high hsCRP level
by a hsCRP assay (Latex immunoturbidimetry method)
with measurement range of 0.01-2 mg/dL (Cobas Integra
400 plus with Roche reagents, USA). Serum total
cholesterol level was estimated by enzymatic colorimetric
method (Cobas Integra 400 by Roche Diagnostics, USA).

Statistical analysis

Statistical analysis was carried out using SPSS
17 software. The data were examined initially for normality
of distribution and homogeneity of variance. The comparison
of quantitative variables between the groups was carried out
by using Student t-test. Categorical variables were compared
by using Chi-square test and odds ratio was evaluated for
significant variables using logistic regression after adjusting
for important confounders. Serum cholesterol level among
asthmatics was correlated with clinicolaboratory variables
and Pearson’s correlation coefficient was derived. A P value
of <0.05 was considered significant.

RESULTS

In all, 80 subjects were included in the study with
40 asthmatics and 40 normal subjects as control. Socio-
demographic characteristics are summarized in Table 1.
Both asthma and control groups were matched for age,
gender, body mass index (BMI), socio-economic status
and dwelling. There was no difference among the study
groups in education level and exposure to pets, cattle or
birds. Diet habits were not different between the groups
with a vast majority of the study subjects consuming
mixed diet, which included meat and sea food. Thirteen
(32.5%) asthmatics reported inadequate ventilation at
home compared to two (5%) control subjects reporting the
same (P = 0.006). Similarly, 14 (35%) asthmatics reported
overcrowding at home compared to only one (2.5%) in
the control group (P = 0.004). There was a trend towards
statistical significance for asthmatics (45%) living more
commonly in houses with brick kiln or asbestos roofs than
control subjects (25%) (P = 0.061).

Mean serum cholesterol level (£SD) was 176.45 =+
30.77 mg/dL for asthma group, which was significantly
higher than that of control subjects who had mean level
of 163.33 = 26.38 mg/dL [P = 0.044; Figure 2]. Results
of logistic regression analysis of variables significantly
associated with asthma are given in Table 2. Serum
cholesterol level was significantly associated with asthma
with an odds ratio of 1.033 (95% confidence interval
[CI] 1.008-1.059) after adjusting for important covariates
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Table 1: Socio-demographic characteristics of
study subjects

Socio-demographic Asthmatics Control
characteristics (n=40) (%) (n=40) (%)
Age+SD (in years) 31.78+6.15 29.93+6.17
Gender

Male 17 (53.1) 15 (46.9)

Female 23 (47.9) 25(52.1)

BMI=£SD (in kg/m?) 23.5243.63 24.81+4.44
Dwelling

Urban 22 (55.0) 27 (67.5)

Rural 18 (45.0) 13 (32.5)
Education

High school or less 23 (57.5) 19 (45.2)

Higher secondary or above 17 (42.5) 21(55.3)
Socio-economic status’

Classes I and 11 23 (57.5) 23 (57.5)

Classes III, IV and V 17 (42.5) 17 (42.5)
Ventilation

Adequate 27 (57.5) 38 (95)**

Inadequate 13 (42.5) 2(5)
Over crowding

Absent 26 (65) 39 (97.5)%*

Present 14 (35) 1(2.5)
House (roof) type

Reinforced concrete roof 22 (55.0) 30 (75.0)

Brick kiln/asbestos roof 18 (45.0) 10 (25.0)

Family size (no. of persons) 4.10+1.89 4.18+1.10
Diet

Vegetarian 3(7.5) 4 (10.0)

Mixed 37(92.5) 36 (90.0)
Exposure to pet/cattles/birds*

Absent 32 (80.0) 30 (75.0)

Present 8 (20.0) 10 (25.0)

“P<0.01,7P=0.061,See text for details of Socio-economic status,
*Indoor and/or outdoor exposure, BMI: Body mass index
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Figure 2: Box plot graphical representation of association between
serum cholesterol and asthma. Mean value of serum cholesterol among
asthmatics was 176.45+30.77 mg/dL as compared to 163.33+26.38
mg/dL among normal (control) subjects (P<0.05)

such as age, gender, BMI, socio-economic status and serum
hsCRP level. Poor ventilation and overcrowding had a direct
relationship with asthma with odds ratio of 9.27 (95% CI
1.83-46.99) and 41.9 (95% CI 3.15-557.46) respectively, after
adjusting for age, gender, BMI, socio-economic status and
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Table 2: Logistic regression analysis of association between serum cholesterol and clinico-laboratory variables

Variables Unadjusted odds ratio 95% confidence interval Adjusted odds ratio 95% confidence interval
Poor ventilation® 9.14 1.90-43.9%* 9.27 1.83-46.99**
Overcrowding’ 21.0 2.60-169.53** 41.9 3.15-557.46**
Brick kiln/asbestos roof type 2.45 0.95-6.34% 1.76 0.56-5.5

Sr. Cholesterol* 1.017 1.001-1.034* 1.033 1.005-1.049*

"P < 0.05,"P < 0.01, #P < 0.1 > 0.05. 'Adjusted model for poor ventilation, overcrowding and house roof type: Age, gender, BMI, socio-economic
status and dwelling. *Adjusted model for Serum cholesterol: Age, gender, BMI, socio-economic status and hsCRP

Table 3: Correlation between serum cholesterol level and clinical and treatment characteristics among asthmatics

Clinical and
treatment

Serum cholesterol in asthmatics

All asthmatics Steroid inhaling Steroid naive

characteristics

r P value r P value r P value
Age 0.101 0.535 0.172 0.445 0.012 0.963
BMI 0.247 0.125 0.146 0.516 0.274 0.271
Duration of illness 0.135 0.407 0.114 0.612 0.223 0.373
Inhaled steroid dose —0.149 0.358 -0.121 0.582 — —
per day
Duration of inhaled 0.038 0.816 0.244 0.273 — —
steroid use
Unscheduled/ED 0.038 0.831 0.241 0.305 —0.038 0.898
visits for acute
wheeze
hsCRP -0.219 0.181 0.097 0.674 —-0.375 0.126

r. Pearson’s correlation coefficient, BMI: Body mass index, ED: Emergency department, hsCRP: Highly sensitive C reactive protein

dwelling. Relationship between house roof type and asthma
did not withstand in the adjusted model.

Further, we attempted to correlate serum cholesterol level
with important clinical and laboratory variables among
asthmatics [Table 3]. There was no significant correlation
found between serum cholesterol and any of the tested
variables among all asthmatics as well as steroid naive
and steroid inhaling subgroups.

DISCUSSION

In our study, we found that serum total cholesterol was
directly associated with the risk of asthma. This association
was independent of important confounders such as
age, gender, BMI, socio-economic status and systemic
inflammation. The effect size of this relationship was
however, only modest. There was no correlation between
serum cholesterol and duration of asthma, duration of
inhaled steroid use, frequency of emergency department
(ED) use or unscheduled visits for acute wheezing and
level of systemic inflammation.

Contrary to the available evidence from fundamental
research on the effect of hypercholesterolemia on airway
inflammation, we find from clinical studies, variety of
conclusions leading to unclear understanding about the role
of serum cholesterol as a potentially modifiable risk factor
of asthma. We found at least two studies that denied any
association between asthma and serum cholesterol. Schéfer
et al. in their nested case control study involving 1537
adult asthmatics in Germany found no significant
relationship between serum cholesterol and asthma.?!
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Similar findings were reported by Picado et al.,who
found no difference in serum cholesterol between 121
controls and 118 asthmatics.!??! There are few studies,
which have suggested an inverse relationship between
serum cholesterol and asthma. Shenoi et al., found a
lower level of cholesterol among 45 stable asthmatic
children, which further lowered during exacerbations.*
Areport from the data base of National Health and Nutrition
Examination Survey 2005-2006 showed an inverse
relationship among Mexican Americans and no relationship
among non-hispanic whites and blacks.®?®! This report was
the first to indicate a possible racial/ethnic disparity in the
asthma—cholesterol association. To our knowledge, only
one study that found serum cholesterol as a risk factor for
asthma. Al-Shawwa et al. in a retrospective analysis of data
from 188 subjects including 50 asthmatics aged between
4 years and 20 years, found significantly higher mean
serum cholesterol level in asthmatics as compared to
control subjects.?® This study had several limitations
including the fact that the study subjects had high risk for
cardiovascular diseases, which might have contributed to
very high effect size (odds ratio 7.54; 95% CI, 1.13-50.7)
as reported by the authors. Thus, we find contradicting
conclusions in literature, which may be explained by
various factors like different age group and ethnicity
studied as well as inherent methodological limitations in
the study design.

We report a positive association between serum cholesterol
level and asthma, which is consistent with findings of Al-
Shawwa et al. However, we found only modest association.
With every one SD increase in serum cholesterol level above
the mean value, the risk of asthma increased by 3.3%.
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Given that the mean cholesterol value [Figure 2] in our
study was far less than the cut-off level for cardiovascular
risk,#the above reported modest risk for asthma cannot
be neglected as clinically insignificant and requires further
evaluation. Most of the cited studies were retrospective data
analyses and hence had many confounders that could have
biased their results. We examined the research question in
a cross-sectional case control study design and attempted
to address as many confounders as possible, known or
suspected to influence the results. None of our study
subjects had life style risk factors for dyslipidemia nor
did they have any comorbid conditions that can influence
the lipid metabolism independently. A meticulous review
of their treatment history did not reveal any drug intake
currently or in the recent past that could have contributed
to a change in lipid levels. All asthmatic subjects had
stable disease during and prior to enrollment in the study
and hence did not use systemic steroids. Any incidental/
undocumented use of systemic steroids for management
of acute wheezing during last 6 months is unlikely to be a
confounder since the frequency of ED use or unscheduled
visits for acute wheezing did not correlate with serum
cholesterol levels [Table 3]. Systemic effects of inhaled
corticosteroids, in particular, its role in lipid metabolism,
are shown to be none at doses of 400 ug or less of
budesonide or equivalent daily.*?*3%% Asthmatic subjects
in our study were either steroidnaive or on inhaled steroid
doses not exceeding 400 ug of budesonide or equivalent per
day, with variable treatment compliance. As cited, these
doses of inhaled steroids are unlikely to have influenced
the outcome of the study. Nevertheless, we found that
inhaled steroid use by asthmatic subjects did not correlate
with serum cholesterol level and thus, its influence on the
study results was ruled out [Table 3].

Although we accept the hypothesis that serum cholesterol
is a risk factor for asthma, our findings do not support
the proposed inflammatory link between asthma and
serum cholesterol. We found that the relationship
between asthma and serum cholesterol was independent
of systemic inflammation as measured by serum hsCRP.
There may be other pathogenetic mechanisms such
as cholesterol trafficking and mevalonate pathway, to
explain the risk relating cholesterol with asthma, which
require further evaluation. Recent research has found
that homeostatic trafficking of cholesterol across the
cell membrane is coupled with regulation of innate and
adaptive immune response to environmental stimuli.[?*3!
In brief, cholesterol synthesized in endoplasmic reticulum
is partly internalized into lipid rafts of plasma membrane.
Cholesterol content of these rafts is regulated by
transporter mediated (ATP binding cassettes [ABC] type
A1 and G1, scavenger receptor B1) efflux of free cholesterol
in the plasma membrane to extracellular acceptors such
as Apolipoprotein A1 and high density lipoprotein.
Dysregulation of these transporter proteins stimulate
cholesterol efflux thereby altering the content lipid rafts
and sledding to hyperresponsiveness of cells (in particular
macrophages) to external stimulileading to inflammation.®3¢!
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In an animal model, abnormal cholesterol efflux has been
shown to activate toll-like receptor signaling pathway
leading to enhanced inflammation and lung damage."
Gupta et al. studied erythrocyte membrane of asthmatics
and found significantly low cholesterol content in the
lipid rafts that could have played a critical role in the
pathogenesis of asthma.”? Thus cholesterol trafficking
rather than its absolute concentration in serum may be
important in immunopathogenesis of asthma.

Another important mechanism that links cholesterol
with inflammation is mevalonate pathway, which is on
the limelight since the time statins were popularized
for management of cardiovascular diseases. Statins non-
selectively inhibit mevalonate pathway and thereby
decreases cholesterol synthesis as well as nonsterol
derivatives, which are called isoprenoids. Statins also
exhibit anti-inflammatory effect, which is mediated by
these nonsterol mevalonate products.’” In asthma, anti-
inflammatory effect of statins has been demonstrated in
animal models.!"5*° However, in human studies statins’
effect on cellular and humoral mechanisms of inflammation
did not translate well in clinical outcome parameters. 4!
Lack of therapeutic effect of statins in asthma may be
due to different dose concentrations used in animal and
human studies as well as short term intervention protocol
in most clinical trials.*#Lipid independent effect of statins
on inflammation suggest that higher cholesterol level in
serum may merely indicate a hyperactive mevalonate
pathway whose nonsterol products are responsible for
exaggerated inflammation in asthma. Thus, a feeble
relationship between serum cholesterol and asthma found
in our study needs to be re-explored with specific reference
to cholesterol trafficking and mevalonate pathway.

This study also found poor ventilation and overcrowding
at home as independent risk factors for asthma. Subjects
living in homes with poor ventilation or overcrowding
had 9.27 times and 41.9 times greater risk of having
asthma respectively. These variables common for Indian
population may be seen as markers for poor indoor
hygiene and consequently increased exposure to various
domestic allergens such as house dustmite, animal dander,
cockroach, fungi, molds etc. that are known to play an
important role in the pathogenesis of asthma.

Our study has several limitations besides having
unaccounted/unknown confounders that could have partly
influenced our results. A smaller sample size could not
accommodate interpretation of some variables at broader
perspective. Age group of the sample was limited to 18-
40 years because inclusion of wide range of age groups could
have been possible only with larger sample size. Asthma
control was not assessed with validated questionnaires or
tools to evaluate for its effect of serum cholesterol. However,
frequency of emergency use or unscheduled visits to general
practitioners for acute wheezing during last 6 months as
a marker of asthma control did not correlate with serum
cholesterol levels. Role of other subtypes of lipids was not
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evaluated in our study, which might have facilitated further
insight to the research question. In our attempt to explain
the relationship between asthma and serum cholesterol, we
used hs CRP, which is a non-specific inflammatory marker
and may not reflect specific immunological interactions
as discussed earlier. Our study design did not include
such specific markers and hence could not conclude on
inflammatory mechanism as core pathogenetic link.

In summary, our study has clearly established serum
cholesterol as an independent risk factor for asthma.
This risk is only modest whose clinical significance
needs further evaluation. Serum cholesterol level does
not correlate with duration of illness, duration of inhaled
steroid use and asthma control. The association between
serum cholesterol and asthma is found to be independent
of systemic inflammation; however,we do not rule out
other immunological and non-immunological pathways
in the pathogenesis linking asthma and lipid metabolism.
The findings of our study may represent specific age group
and ethnicity of the sample and cannot be generalized for a
multi-ethnic population or across all ages. Poor ventilation
and overcrowding at home is associated with a significant
risk for developing asthma possibly due to increased
exposure to indoor allergens. This study emphasizes the
need for re-exploration of pathogenetic link between lipid
metabolism and asthma, which has paramount importance
in this era when asthma and dyslipidemia are evolving
as two epidemics possibly converging with each other
at some point. Decoding this link may revolutionize the
management of both these diseases. We recommend a large
scale population based study to evaluate the role of serum
cholesterol and its subtypes as modifiable risk factors of
asthma. Future research with specific focus on cholesterol
trafficking and nonsterol products of mevalonate pathway
may be helpful in defining exact role of lipid metabolism
in the pathogenesis of asthma. This direction may also
provide targets for pharmacological interventions and
paveway for interventional studies.
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