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Background: Asthma and lipid metabolism are associated with systemic inflammation. However, the
studies about the relationship between lipid profile, fractional exhaled nitric acid (FeNO) and pulmonary
function test (PFT) results are currently lacking.

Methods: We enrolled asthma patients who had serum lipid profiles including apolipoprotein levels from
March 1, 2019 to December 31, 2019. We classified the asthma patients into two groups according to the
diagnosis method: (I) patients who were diagnosed based on clinical symptoms/signs and PFT results and
(II) patients diagnosed with clinical symptoms/signs. Clinical characteristics including age, underlying
diseases, smoking status, allergy test results and treatment agents were compared between the two groups.
The associations between blood cholesterol levels including apolipoprotein and pulmonary functions were
analyzed. Moreover, patients were divided into two groups according to the median value of apolipoprotein
B (Apo B), and lung function test results were compared between the patients who had high and low Apo B
levels.

Results: Among the 167 patients, 93 (55.7%) were PFT-proven asthma patients. In PFT-proven asthma
patients, the levels of total cholesterol (T'C) (r =0.37, P=0.03), low-density lipoprotein (LDL) (r =0.46,
P=0.01) and Apo B (r =0.38, P=0.02) showed a significant correlation with FeNO, which had no statistical
significance in physician-diagnosed asthma group. In multivariate regression analysis, log (FeNO) showed
a significant correlation with Apo B (P<0.01) after adjustment for presence of PFT-proven asthma (P=0.01)
and current smoking (P=0.01). Patients with high Apo B levels had a lower post-bronchodilator (BD) forced
expiratory volume in 1 second (FEV1)/forced vital capacity (FVC) ratio (69.8 vs. 74.9, P=0.02) and lower
post-BD FEV1 (%) (77.5 vs. 85.0, P=0.04) compared with those showing low Apo B levels.

Conclusions: The levels of Apo B and FeINO had positive correlations and high Apo B levels were
associated with severe airflow obstruction and low FEV1 (%). Apo B could reflect the uncontrolled status of

bronchial asthma and poor lung function.
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Introduction

Asthma is one of the most common chronic diseases
worldwide. It is associated with various factors, such as
genetic susceptibility, host factors (obesity, infection, and
allergic sensitization), environmental factors (air pollution,
mold, pollen and tobacco smoke) (1). Although most
patients diagnosed with asthma receive the treatments
available, the disease is not well controlled. Asthma is caused
by chronic inflammatory reactions involving the airways.
The immune response mediated via T helper 2 (Th2) cells
leads to the secretion of cytokines, which triggers airway
hyper-responsiveness and allergic airway inflammation (2).
Therefore, studies are underway to investigate the pathways
and mediators controlling the asthmatic inflammatory
responses.

Recent studies have investigated the correlation
between asthma and lipid metabolism (3). Asthma and lipid
metabolism are associated with systemic inflammation.
Asthma and atherosclerosis are characterized by the
accumulation of immune cells, activation of mast cells and
smooth muscle cells, and increased immunoglobulin E (Ig
E) levels (4,5). Activation of the immune system, triggers
the release of cytokines, which affects fatty acid oxidation,
activating lipoprotein lipase and hepatic lipase, causing
dyslipoproteinemia (6,7). It adversely affects the adaptive
immune system to mount a Th2 response resulting in
asthma and other diseases (8-10).

Lipoprotein plays an important role in serum lipid
transportation. Apolipoprotein (Apo) A is a major structural
protein component of high-density lipoprotein (HDL),
and Apo B is the predominant protein component of low-
density lipoprotein (LDL) (11,12). Several studies have
demonstrated that allergic asthma induces the formation
of atherosclerosis in mice (13). Also, some studies showed
the relationship between lipoprotein and asthma. Barochia
et al. (14) reported that Apo A-I and large HDL particles
were positively correlated with forced expiratory volume
for 1 second (FEV1) in patients with atopy and asthma.
However, serum triglycerides (T'G), LDL cholesterol, and
Apo B were associated with more severe airflow obstruction.
Yao et al. (15) reported that airway hyper-responsiveness
and goblet cell hyperplasia increased in Apo E knock-out
mice, indicating that Apo E may have a role as a negative
regulator of airway hyper-responsiveness and goblet cell
hyperplasia.

Fractional exhaled nitric oxide (FeNO) has emerged
in recent years as a potentially useful biomarker of Th2
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inflammation in the airway (16). Also, it is a non-invasive
and simple test that can be used to diagnose asthma
eosinophilic inflammation, predict the therapeutic response
to steroids, and assess asthma control (17). However, the
relationship between lipid profile and FeNO has yet to be
analyzed in asthma patients. In this study, we analyzed the
relationship between lipid profile and various pulmonary
function parameters including FeNO.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-20-3314).

Methods
Data sources

We enrolled physician- diagnosed asthma patients whose
serum lipid profiles including Apo levels were determined
at the Department of Allergy and Pulmonology, Seoul
St. Mary’s Hospital in the Catholic University of Korea
between March 1, 2019 to December 31, 2019. Basic
demographic data were collected via retrospective chart
review, including age, gender, body mass index (BMI),
comorbid conditions, statin use, lipid profile [HDL-
cholesterol, LDL-cholesterol, TG, total cholesterol (T'C),
and Apo A and B], pulmonary function parameters, and
smoking history including smoking status, pack-years and
duration of smoking cessation. We defined ever smokers as
those who smoked at least 100 cigarettes during the course
of their life. Patients who smoked fewer than 100 cigarettes
in their lifetime were defined as a never smokers (18).
Patients whose smoking history was unavailable were
marked as others. Lung function tests were performed
according to the American Thoracic Society/European
Respiratory Society standardization guidelines (19).
The asthma treatment stages were divided into 5 phases
according to the 2020 Global Initiative for Asthma (GINA)
guidelines (20). In step 1 of the GINA guidelines, the as-
needed low-dose combination inhaled corticosteroid (ICS)-
formoterol is used, and in step 2, a daily low-dose ICS plus
as-needed short-acting beta agonist (SABA), or as-needed
low-dose ICS-formoterol is recommended. In step 3, low-
dose ICS-long-acting beta agonist (LABA) maintenance plus
as-needed SABA, or low-dose ICS-formoterol maintenance
and reliever therapy are used, and in step 4, a low-dose
ICS-formoterol is used as maintenance and reliever therapy
or a medium-dose ICS-LABA maintenance plus as-needed
SABA. In step 5, a referral for phenotypic assessment and

7 Thorac Dis 2021;13(7):4195-4206 | https://dx.doi.org/10.21037/jtd-20-3314


https://dx.doi.org/10.21037/jtd-20-3314
https://dx.doi.org/10.21037/jtd-20-3314

Journal of Thoracic Disease, Vol 13, No 7 July 2021

consideration of add-on treatment are recommended.
Retrospective chart review was performed by one
pulmonology specialist (HY Lee) to maintain consistency
of the collected data and data quality was reviewed by
statistician from the department of applied statistics (S
Han). The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study
was approved by the Clinical Research Ethics Committee
of the Catholic Medical Center (KC20RISI0489). Because
this study was done by retrospective chart review, written
informed consent was waived by the Clinical Research
Ethics Committee of the Catholic Medical Center.

Astbhma diagnostic criteria

Asthma is characterized by variable symptoms of wheeze,
shortness of breath, chest tightness and/or cough and
variable expiratory airflow limitations. Both symptoms and
airflow limitation characteristically vary over time and in
intensity. According to the GINA international guideline,
asthma is diagnosed by history of respiratory symptoms
and evidence of variable expiratory airflow limitation (20).
Thus, asthma is usually diagnosed according to clinical
features and pulmonary function tests (PFTs). However,
trial of asthma treatment can be performed before the
diagnostic lung function tests when the patients have
history/examination of asthma diagnosis without alternative
diagnosis. Based on this GINA guideline, we classified the
asthma patients into two groups according to the diagnosis
method: (I) PFT-proven asthma group: patients who were
diagnosed based on clinical symptoms/signs and pulmonary
function test (PFT) results and (II) physician-diagnosed
asthma group: patients diagnosed with clinical symptoms/
signs of asthma. Asthma may involve either a reversible
airflow obstruction following administration of an inhaled
short-acting B2-agonist or, alternatively, airway hyper-
reactivity in response to methacholine or mannitol bronchial
provocation testing. In patients with obstructive spirometry
(FEV1/FVC ratio less than 70%), bronchodilator response
(BDR) test is considered to have a positive value when
the volume of FEVI is increased by more than 12% and
200 mL or more. In methacholine bronchial provocation
test, a PC,, value of 8 mg/mL or less was considered as a
positive test. If FEV1 decreased by more than 15% after
mannitol inhalation, it was considered as a positive result.
A FeNO test or exhaled nitric oxide test, in patients with
allergic or eosinophilic asthma, is used to determine the
degree of lung inflammation and the extent of inflammation
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suppression using the inhaled steroids (16). In the event of
diagnostic uncertainty after initial assessment and either
normal or obstructive spirometry with a negative BDR
test, an FeNO level of 50 parts per billion (ppb) or more
is considered as a positive test (21). Asthma exacerbation is
an acute or subacute episode characterized by progressive
worsening of symptoms of asthma, including shortness
of breath, wheezing, cough, and chest tightness (22).
Exacerbation is marked by decreases from baseline in
objective measures of pulmonary function, so pulmonary
function test was not necessarily performed in patients with
asthma exacerbation.

Statistical analysis

For continuous variables, mean and standard error of the
mean (SEM) were calculated for normally distributed
variables, whereas medians and the interquartile range (IQR;
25th-75th) were used for non-normally distributed data.
Proportions were used for categorical variables. Analyses of
the differences between PFT-proven asthma and physician-
diagnosed asthma group were performed using Student’s
t-test for continuous variables and %’ test or Fisher’s exact
test for categorical variables. Odds ratios (ORs) and their
95% confidence intervals (Cls) were computed. All tests
were two-sided, and a P value <0.05 was taken to indicate
statistical significance. Correlations between variables
were evaluated using Spearman’s correlation coefficient.
Multiple linear regression models were used to examine
the association between cholesterol level and pulmonary
function, adjusting for potential confounding variables.
Multivariate regression analysis consisted only of variables
with P values less than 0.1 in univariate regression analysis.
To compare the pulmonary function test results in the high
Apo B and low Apo B expressed patients, Mann-Whitney
U test was performed since the value of two groups
categorized according to median values did not follow
normal distribution. All statistical analyses were performed

using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

The participants’ baseline characteristics are presented in
Table 1. A total of 167 physician-diagnosed patients were
included. Of these patients, 93 (55.7%) were defined as
the asthma group based on pulmonary function or acute
exacerbation history. In the PFT-proven asthma group, the
mean age (52.2x18.8 vs. 58.9+18.1 years, P=0.02) was lower,
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Table 1 Comparison of baseline characteristics between PET-proven asthma and physician-diagnosed asthma group

Characteristic PFT-proven asthma (N=93) Physician-diagnosed asthma (N=74) P
Age (years), mean + SEM 52.2+18.8 58.9+18.1 0.02
Male, n (%) 23 (24.7) 20 (27.0) 0.87
BMI (kg/m?), mean + SEM 24.3+4.2 24.8+4.4 0.54
Dyslipidemia, n (%) 17 (75.3) 12 (16.2) 0.89
Statin, n (%) 18 (19.4) 18 (24.3) 0.56
Allergic rhinitis, n (%) 45 (48.4) 24 (32.4) 0.06
Allergy, n (%) 0.01

Skin prick 51 (54.8) 26 (35.1)

MAST 29 (31.2) 26 (35.1)

Skin prick & MAST 13 (14.0) 22 (29.7)
Pre-BD FEV1/FVC, median (IQR) 67.0 (63.0-74) 75.0 (66.3-79.0) 0.01
Pre-BD FEV1 (L), median (IQR) 2.0 (1.7-2.4) 2.1 (63.0-2.9) 0.12
Pre-BD FEV1 (%), median (IQR) 72.0 (61.0-87.0) 86.0 (73.0-92.0) <0.01
Pre-BD FVC (L), median (IQR) 3.0 (2.5-3.5) 3.0 (2.5-4.0) 0.47
Pre-BD FVC (%), median (IQR) 84.0 (75.0-97.0) 89.5 (81.3-98.5) 0.31
Post-BD FEV1/FVC, median (IQR) 73.0 (66.0-81.0) 77.5 (70.0-82.0) 0.15
Post-BD FEV1 (L), median (IQR) 2.3(1.8-2.8) 2.1(1.9-3.2) 0.42
Post-BD FEV1 (%), median (IQR) 80.0 (69.0-92.0) 87.0 (75.8-97.5) 0.14
Post FVC (L), median (IQR) 3.1 (2.7-3.9) 2.9 (2.5-3.8) 0.67
Post FVC (%), median (IQR) 88.0 (80.0-99.0) 86.0 (80.0-95.0) 0.40
Smoking, n (%) 0.02

Never 32 (68.1) 19 (47.5)

Ex 6 (12.8) 2 (5.0)

Current 1@2.1) 0 (0.0

Other 8(17.0) 19 (47.5)
FeNO (ppb), mean + SEM 57.2+44.1 23.7+13.4 <0.01
Apo A (mg/dL), mean + SEM 170.0+130.4 150.0+19.6 0.18
Apo B (mg/dL), mean + SEM 87.2+24.4 85.0+21.8 0.61
Treatment step, n (%) 0.03

1 9(9.8) 13 (28.3)

2 6 (6.5) 6 (13.0)

3 52 (56.5) 19 (41.3)

4 15 (16.3) 5(10.9)

5 10 (10.9) 3(6.5)

Table 1 (continued)

© Journal of Thoracic Disease. All rights reserved.
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Characteristic PFT-proven asthma (N=93) Physician-diagnosed asthma (N=74) P
Treatment agents, n (%) <0.001
ICS only 7(7.5) 5(6.8)
Low-dose ICS/LABA 52 (55.9) 22 (29.7)
Medium-dose ICS/LABA 13 (14.0) 4 (5.4
High-dose ICS/LABA 14 (15.1) 4(5.4)
LAMA 8 (8.6) 3(4.1)
Systemic steroids 10 (10.8) 11 (14.9)
Biologics 1(1.1) 0(0)
LTRA 53 (57.0) 33 (44.6)
None 5(5.4) 35 (47.3)
Budesonide equivalent (mg), median (IQR) 320 (160-640) 180 (0-730) 0.11

PFT, pulmonary function test; SEM, standard error of the mean; BMI, body mass index; MAST, multiple allergen simultaneous test; pre-
BD FEV1, pre-bronchodilator forced expiratory volume for 1 second; FVC, forced vital capacity; pre-BD FVC, pre-bronchodilator forced
vital capacity; post-BD FEV1, post-bronchodilator forced expiratory volume for 1 second; post-BD FVC, post-bronchodilator forced vital
capacity; IQR, interquartile range; FeNO, fractional exhaled nitric oxide; Apo A, apolipoprotein A; Apo B, apolipoprotein B; ICS, inhaled

corticosteroid; LABA, long-acting-B2 agonist; LAMA, long-acting muscarinic antagonist; LTRA, leukotriene antagonist.

and at a rate of 68.1%, most patients were never smokers.
Also, 51 patients (54.8%) tested positive with skin pricks,
29 patients (31.2%) were positive for multiple allergen
simultaneous test (MAST), and 13 patients (14.0%) were
positive with both test (P=0.01). In the pulmonary function
test, pre-bronchodilator (BD) FEV1/FVC value was lower
(67.0% wvs. 75.0%, P=0.01) and FeNO value was higher
(57.2+44.1 vs. 23.7£13.4 ppb, P<0.01). Among the different
treatment categories used, step 3 was the predominant with
56.5%, step 1 constituted 9.8%, step 2 accounted for 6.5%,
step 4 was 16.3%, and step 5 was 10.9%. In the PFT-proven
asthma group, the step 3-5 treatment was performed most
frequently, and in the physician-diagnosed asthma group,
the step 1-2 treatment was mainly performed. There was no
statistical significance in budesonide equivalence between
the groups (P<0.11).

We performed a correlation analysis of lipid profiles
and pulmonary function parameters, including post-BD
FVC, FEV1, FEVI/FVC ratio and FeNO (7able 2). Among
asthma patients, the level of TC (r =0.37, P=0.03), LDL
(r =0.46, P=0.01) and Apo B (r =0.38, P=0.02) showed
significant correlation with FeNO. However, in physician-
diagnosed asthma patients, there was no statistically

© Journal of Thoracic Disease. All rights reserved.

significant correlation between Apo B, LDL, TC and
FeNO levels. LDL (r =0.40, P=0.05) and TG (r =0.40,
P=0.05) showed a positive correlation with FeNO but
was not statistically significant in the physician-diagnosed
asthma group.

We performed a regression analysis to adjust for potential
confounding variables affecting the lung function test results
and FeNO. In univariate regression analysis of dependent
variables, Apo B showed no statistically significant
correlation with post-BD FVC (%) (P=0.15) (Table 3). In
univariate regression analysis of dependent variable post BD
FEV1 (%), the correlation with age (P=0.05), sex (P=0.09),
allergy (P=0.04), and Apo B (P=0.06) showed a P value less
than 0.1 (ZTable 4). Multivariate regression analysis consisted
only of variables with a P value less than 0.1 in univariate
regression analysis. In multivariate regression, post BD
FEV1 (%) was correlated with age (P=0.03) and history
of allergy (P=0.04) (Table 4). In the regression analysis of
FeNO, there was no normality for the residual variable, so
the normality was indicated through log transformation.
The univariate regression analysis of dependent variable
log (FeNO) with, Apo B (P=0.02), ex-smoking (P=0.08) and
PFT-proven asthma (P<0.01) showed a P value of less than
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Table 2 Spearman correlations between lung function and relevant factors in asthma patients

Factor r/P Post-BD FEV1/FVC Post-BD FEV1 (L)

Post-BD FEV1 (%)

Post-BD FEV1 (L) Post-BD FVC (%)  FeNO

PFT-proven asthma group (N=93)

TC r -0.12 -0.17
P 0.51 0.34
HDL r 0.28 -0.02
P 0.10 0.92
LDL r -0.18 -0.20
P 0.31 0.26
TG r -0.49 -0.14
P <0.01 0.42
Apo A r 0.05 0.06
P 0.79 0.75
Apo B r -0.30 -0.15
P 0.08 0.38

Physician-diagnosed asthma group (N=74)

TC r -0.05 0.00
P 0.81 0.99
HDL r -0.05 0.13
P 0.82 0.53
LDL r -0.00 0.01
P 0.99 0.95
TG r -0.00 0.01
P 0.99 0.95
Apo A r -0.02 0.22
P 0.93 0.30
Apo B r -0.13 -0.13
P 0.54 0.53

-0.05 -0.18 -0.08 0.37
0.75 0.30 0.64 0.03
0.11 -0.26 -0.02 -0.14
0.51 0.13 0.91 0.42
-0.09 -0.15 -0.10 0.46
0.60 0.39 0.57 0.01
-0.44 0.12 -0.32 0.12
0.01 0.50 0.06 0.49
-0.05 -0.04 -0.02 -0.17
0.78 0.81 0.90 0.34
-0.19 -0.01 -0.12 0.38
0.27 0.95 0.50 0.02
-0.23 0.11 -0.17 0.27
0.26 0.60 0.42 0.20
-0.12 0.19 0.05 -0.06
0.56 0.36 0.82 0.78
-0.30 0.11 -0.26 0.40
0.15 0.59 0.21 0.05
-0.30 0.11 -0.26 0.40
0.15 0.59 0.21 0.05
0.04 0.31 0.15 0.04
0.84 0.14 0.46 0.84
-0.30 -0.02 -0.29 0.24
0.15 0.92 0.16 0.25

Post-BD FEV1, post-bronchodilator forced expiratory volume for 1 second; FVC, forced vital capacity; post-BD FEV1, post-bronchodilator
forced expiratory volume for 1 second; post-BD FVC, post-bronchodilator forced vital capacity; TC, total cholesterol; HDL, high-density
lipoprotein; LDL, low density lipoprotein; TG, triglyceride; Apo A, apolipoprotein A; Apo B, apolipoprotein B; FeNO, fractional exhaled nitric

oxide; PFT, pulmonary function test.

0.1, and multivariate analysis was performed (1able 5). As a
result, the log distribution of FeNO showed a significant
correlation with Apo B (P<0.001) even after adjustment for
PFT-proven asthma (P=0.01) and current smoking (P=0.01),
which may affect FeNO (7able 5).

We decided to analyze the association of Apo B
expression level and lung function parameters. Although

© Journal of Thoracic Disease. All rights reserved.

there has been no reference to the cutoff level of Apo B
in patients with bronchial asthma, the American Diabetes
Association and the American College of Cardiology
Foundation have suggested a treatment target of 80 mg/dL
Apo B in patients with known cardiovascular disease or with
diabetes and another cardiovascular risk factors (23,24).
The median value of Apo B was 85 mg/dL in PFT-proven
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Table 3 Regression analysis for dependent variable post-BD FVC (%)

Univariate analysis Multivariate analysis*
Variable
Parameter estimate  Standard error P value Parameter estimate Standard error P value

Age -0.17 1.06 0.01 -0.13 0.07 0.06
Sex -2.74 12.37 0.28 - - -
Statin -5.43 16.16 0.05 -1.75 3.78 0.64
Allergy -0.02 11.01 0.99 - - -
Apo A 0.00 1.01 0.69 - - -
Apo B -0.07 1.05 0.15 - - -
Smoking - - -

Never (ref.) 1.00

Ex-smoker -0.67 220.37 0.90

Current smoker -2.79 1.5682.717.20 0.85
Dyslipidemia -5.12 18.31 0.08 -2.24 3.83 0.56
PFT-proven asthma 2.00 10.49 0.40 - - -
Allergic rhinitis 4.6 9.53 0.04 2.09 2.46 0.40

*, clinical parameters which showed P value <0.1 at univariate logistic regression were included for multivariate logistic regression. R
=0.07, P=0.04. Post-BD FVC, post-bronchodilator forced vital capacity; Apo A, apolipoprotein A; Apo B, apolipoprotein B; PFT, pulmonary
function test.

Table 4 Regression analysis for dependent variable post-BD FEV1 (%)

Univariate analysis Multivariate analysis*
Variable
Parameter estimate  Standard error P value Parameter estimate Standard error P value

Age -0.15 1.08 0.05 -0.18 0.08 0.03
Sex -5.10 19.70 0.09 -3.57 3.31 0.28
Statin -4.15 28.32 0.22 - - -
Allergy 5.83 16.90 0.04 6.40 3.07 0.04
Apo A -0.01 1.01 0.51 - - -
Apo B -0.12 1.06 0.06 -0.11 0.06 0.10
Smoking - - -

Never (ref.) 1.00

Ex-smoker -8.23 439.40 0.18

Current smoker -15.98 9,825,279.63 0.33
Dyslipidemia -2.18 33.11 0.54 - - -
PFT-proven asthma -4.15 16.25 0.14 - - -
Allergic rhinitis 3.03 15.12 0.27 - - -

R? =0.11, P=0.02. *, clinical parameters which showed P value <0.1 at univariate logistic regression were included for multivariate logistic
regression. Post-BD FEV1, post-bronchodilator forced expiratory volume for 1 second; Apo A, apolipoprotein A; Apo B, apolipoprotein B;
PFT, pulmonary function test.
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Table 5 Regression analysis for dependent variable log (FeNO)
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Univariate analysis

Multivariate analysis'

Variable Parameter estimate  Standard error P value Parameter estimate Standard error P value
Age -0.004 1.01 0.46 - - -
Sex 0.05 1.23 0.80 - - -
Statin -0.15 1.36 0.62 - - -
Allergy -0.27 1.23 0.21 - - -
Apo A 0.00 1.00 0.90 - - -
Apo B 0.01 1.00 0.02 0.02 0.01 0.001
Smoking

Never (ref.) 1.00

Ex-smoker 0.54 1.36 0.08 0.49 0.25 0.06

Current smoker -1.12 2.1 0.14 -1.74 0.62 0.01
Dyslipidemia -0.15 1.38 0.64 - - -
PFT-proven asthma 0.74 1.20 <0.001 0.60 0.21 0.01
Allergic rhinitis 0.14 1.22 0.50 - - -

R® =0.46, P<0.001. ", clinical parameters which showed P value <0.1 and at univariate logistic regression and current smoking were
included for multivariate logistic regression. FeNO, fractional exhaled nitric oxide; Apo A, apolipoprotein A; Apo B, apolipoprotein B; PFT,

pulmonary function test.

asthma group, 39 (48.1%) patients were classified into
a high Apo B category and 42 (51.9%) into a low Apo B
category based on the median value (85 mg/dL). In the
Mann-Whitney U test, patients with high Apo B levels had
lower post-BD FEV1/FVC ratio (69.8 vs. 74.9, P=0.02)
and a lower post-BD FEV1 (%) (77.5 vs. 85.0, P=0.04) than
those with low Apo B levels. The difference in FeNO level
between high and low Apo B expressing groups was not
statistically significant (Table 6).

Discussion

In our study, the level of FeNO showed a positive
association with TC, LDL, and Apo B values only in
patients with asthma confirmed via pulmonary function test
unlike those in the physician-diagnosed asthma group. The
log distribution of FeNO showed a positive correlation with
Apo B even after adjustment for PFT-proven asthma and
smoking status, which affect the level of FeNO. In addition,
the values significantly correlated with pulmonary function
in patients with high Apo B were low post-BD FEV1/FVC
ratio and post-BD FEV1 (%).

Asthma is an inflammatory response mediated by cytokines

© Journal of Thoracic Disease. All rights reserved.

including interleukin (IL)-4, IL-5 and IL-13, and triggered
by Th2 cells (25). Generally, asthma is characterized by
chronic airway inflammation, however, recent studies
appreciate asthma as a systemic disease. Metabolic syndrome,
dyslipidemia and hyperinsulinemia as well as obesity are
known to be systemic inflammations, associated with asthma
development and progression. (26). The adipose tissue
increases pro-inflammatory cytokine response and induces
elevated levels of IL-6, tumor necrosis factor-a and systemic
inflammation. This inflammation in turn causes macrophage
proliferation and lung tissue differentiation resulting in
airway inflammation (27). Peng ez al. (28) reported that the
LDL cholesterol level was higher in the asthma group than
in the non-asthma group. In addition, another study reported
that asthma was associated with small LDL particles, which
were inflammatory mediators (29).

Lipoproteins are complexes composed of specific
ratios of lipids and proteins and play an important role
in serum lipid transportation. Apo removes cholesterol,
TG and phospholipids from the plasma to maintain lipid
homeostasis and is used as a structural component of
plasma lipoproteins (30). Apo B expressed on the surface
of LDL particles acts as a ligand for the cellular LDL
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Table 6 Comparison of lung function test results between the patients with high and low apoprotein B levels

Lung function test result High Apo B (N=39) (median + SEM) Low Apo B (N=42) (median + SEM) P value
Pre-BD FEV1/FVC 66.1£10.3 68.9+11.4 0.20
Pre-BD FEV1 (L) 69.8+11.1 74.9+10.5 0.33
Pre-BD FEV1 (%) 70.3+16.4 76.1£19.7 0.21
Pre-BD FVC (L) 2.1£0.7 2.2+0.7 0.78
Pre-BD FVC (%) 83.2+14.3 89.0+15.9 0.09
Post-BD FEV1/FVC 69.8+11.1 74.9+10.5 0.02
Post-BD FEV1 (L) 2.3£0.7 2.5+0.7 0.23
Post-BD FEV1 (%) 77.5+14.2 85.0+17.0 0.04
Post FVC (L) 3.2+0.8 3.4+0.8 0.65
Post FVC (%) 86.9+11.5 92.5+14.3 0.11
FeNO 64.4+45.6 51.7+43.1 0.55

Pre-BD FEV1/FVC, pre-bronchodilator forced expiratory volume for 1 second/forced vital capacity; pre-BD FEV1, pre-bronchodilator
forced expiratory volume for 1 second; pre-BD FVC, pre-bronchodilator forced vital capacity; post-BD FEV1/FVC, pre-bronchodilator
forced expiratory volume for 1 second/forced vital capacity; post-BD FEV1, post-bronchodilator forced expiratory volume for 1 second;
post-BD FVC, post-bronchodilator forced vital capacity. FeNO, fractional exhaled nitric oxide.

receptor, transporting lipids into the cells. Its expression
is related to the concentration of LDL particles. A high
blood concentration of Apo B, increases the risk of
developing atherosclerosis by forming plaque (31).

There has been little evidence about the association
between the blood Apo and airway asthmatic inflammation.
However, some studies which evaluated the role of statin
use in asthma patients could support the pathogenesis of
lipoprotein to asthmatic airway inflammation. The use
of statin in asthma patients has been noted for its anti-
inflammatory effect (32). For example, lovastatin affects
differentiation and proliferation of asthmatic bronchial
fibroblast and airway smooth muscle cells (33). In addition,
it has been reported that simvastatin and atorvastatin
reduced inflammatory cells in sputum (3,34,35). Pagovich
et al. demonstrated improved lung function in a group using
atorvastatin and simvastatin for 4 weeks in a retrospective
study (36,37). Also, Cowan et al. showed an increase in
peak expiratory flow and FEV1 and a decrease in sputum
eosinophils following treatment with simvastatin for 4
weeks in a prospective study (37,38). Based on these studies,
lowering blood cholesterol with statins could have improved
asthmatic airway inflammation and lung function in asthma
patients. In the same way, our positive correlation between
Apo B and FeNO could suggest the possible association
between dyslipidemia and eosinophilic airway inflammation
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represented by FeNO.

FeNO has been considered as a non-invasive biomarker of
inflammation, especially eosinophilic inflammation (39,40).
It is closely related to allergic sensitization (41) and serves as
a biomarker of Th2 inflammation in the airways (16). Serum
cholesterol enhances eosinophilic inflammation, which is
genetically sensitive to atopy, and it causes pro-atopic Th2
immunity and allergic inflammation (10). However, the
association between FeNO value and lipid profile has yet to
be reported. The positive correlation of Apo B and FeNO
in our study is unique, moreover, could have two clinical
implications in asthma patient. First, blood Apo B could be
a marker for eosinophilic airway inflammation independent
of bronchial hyper-responsiveness and smoking history.
Our study revealed positive correlation between LDL
and Apo B, a component of LDL after adjustment for
pulmonary function test-proven asthma. Among all the
asthma patients included in our study, PFT-proven asthma
group had positive bronchial hyper-responsiveness in BD
response and/or bronchial provocation test. The value of
FeNO is known to be elevated in patients with eosinophilic
bronchitis with/without bronchial hyper-responsiveness
and FeNO is reduced by 20-35% in smoker (42,43). It is
meaningful that our study showed statistical significance
in multivariate analysis even after these two factors were
adjusted. Second, Apo B might be used as a biomarker
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to predict the therapeutic response to ICS and biologics
in asthma patients in addition to FeNO. The FeNO has
been shown to be useful in clinically defining asthma and
evaluating adherence to ICS treatment (44,45). It can also
be used to predict treatment response to biologic agents,
exacerbation and loss of control with ICS withdrawal
(21,46). Based on positive correlation between Apo B
and FeNO, Apo B might be used as a novel biomarker in
treatment of bronchial asthma.

In our study, the values of post-BD FEV1/FVC ratio
and post-BD FEV1 (%) were significantly lower in the
high Apo B group. In patients with atopy and asthma, one
study showed that serum levels of apoA-1 and large HDL
particles correlated positively with FEV1. Moreover, serum
TG, LDL cholesterol and Apo B level were associated
with severe airflow obstruction (14). Serum lipid levels
were correlated with FEV1 in more than 30,000 subjects
using data from Third National Health and Nutrition
Examination Survey (III). In this study, LDL and Apo B
also showed a negative correlation with FEV1 (47). The
post-BD FEV1/FVC ratio and post-BD FEV1 (%) are
useful indicators for the diagnosis and regulation of asthma,
and these studies support the correlation between Apo B,
LDL particles, and lung function, consistent with our study.

This study has some limitations. First, it was a
retrospective and observational study, potential bias could
not be completely eliminated. Second, the sample size was
not large and the study was conducted in a single center
only, so the results are difficult to generalize. In addition,
the positive correlation between log (FeNO) and Apo B
levels in statistical analysis cannot be the causal relationship.
Further study is needed to evaluate the exact mechanism.
Also, since the blood sampling time was not fixed, it may
be related to the fasting time. Despite these limitations,
the present study has several strengths. Lung function,
bronchial reversibility, hyper-responsiveness and FeNO
were measured by skilled technicians. Also, as far as we
know, no other study described the association between Apo
and FeNO. The most well-known factors affecting FeNO
include asthma and smoking (48,49) and our results were
significant after adjustment for the confounding factors.

In conclusion, the values of Apo B and FeNO were
positively correlated in asthma patients after adjustment of
PFT-proven bronchial hyper-responsiveness and smoking
history. Moreover, high Apo B was associated with severe
airflow obstruction and low FEV1 (%). Although further
studies are needed, Apo B represents a novel biomarker
reflecting asthma control status and poor lung function.
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