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Abstract---This study aimed to analyze Correlation between
FEV1/FVC ratio with body mass index (BMI) and absolute eosinophils
in patients with acute exacerbation of asthma. A cross sectional study
based on the medical records of asthma patients from June 2019 to
June 2020, with a total population of 180 cases conducted at
Mataram City Regional General Hospital, West Nusa Tenggara. The
data were analyzed using multiple linier regression using SPSS. The
data collected showed that getting older reduces the value of
FEV1/FVC, but it is not statistically significant (b= -0.03; 95% CI= -
0.18 to 0.13; p= 0.746). Male gender has a lower probability of having
a FEV1/FVC value than female sex, but it is not statistically
significant (b= -2.78; 95% CI= -6.38 to 0.83; p= 0.130). An increase in
the eosinophil score reduced the FEV1/FVC value by 6.03 units and
was statistically significant (b= -6.03; 95% CI= -7.80 to -4.26; p<
0.001). An increase in body mass index decreased the FEV1/FVC
value by 1.22 units and was statistically significant (b= -1.22; 95%
CI=-1.71 to -0.75; p< 0.001).
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Introduction

Asthma is a significant noncommunicable disease that can affect both children
and adults. According to the Global Initiative for Asthma (GINA), it is reversible,
meaning it can be calm without symptoms and does not interfere with daily
activities, but it can also experience exacerbations with mild to severe symptoms
and even cause death (GINA, 2021; PDP, 2019).

The World Health Organization (WHO) stated that the total prevalence in 2019 in
the world is estimated at 262 million people, with 20% of cases experiencing
exacerbations resulting in hospitalization and causing 461 thousand cases of
death. The prevalence of asthma in Indonesia, according to basic health research,
in 2018 was 2.3-2.4%, or 1,017,290 people. For West Nusa Tenggara province in
the same year, it was as much as 59.2%, reaching 19,247 people (Ministry of
Health of Republic Indonesia, 2019; WHO, 2021). According to data obtained by
researchers from the Regional General Hospital of Mataram City, the total number
of asthma patients who were hospitalized due to asthma exacerbations during the
period 2020-2021 was 95 people. In addition, there will be one death from an
inpatient asthma exacerbation in 2021.

Asthma is divided into groups based on demographic, clinical, and/or patho-
physiological characteristics, which are often referred to as 'asthma phenotypes'.
One clinical phenotype of asthma that has been identified and mentioned in the
Global Initiative for Asthma is asthma with obesity. Some obese patients with
asthma have prominent respiratory symptoms and mild eosinophilic
inflammation of the airways. Based on these characteristics, it appears that there
is a relationship between obesity and asthma (Haitamy, 2017; Liu et al., 2015).
According to Liu Yong et al. (2015), the relationship between body mass index
(BMI) and respiratory symptoms such as asthma and chronic obstructive
pulmonary disease (COPD) is stronger in individuals who are in the extreme BMI
category, namely underweight, overweight, or obese, than in individuals with
normal BMI.

This is also reinforced by the results of research conducted by Liu Yong et al.
(2015) concerning the relationship between Body Mass Index (BMI) and
respiratory symptoms, asthma, and chronic obstructive pulmonary disease
(COPD), which shows that individuals in the extreme BMI category are
underweight, overweight or obese are more likely to suffer from asthma and/or
COPD than individuals with a normal BMI.

The gold standard in the examination of asthma is spirometry. The parameters
assessed in the spirometry examination are the First Second Forced Expiratory
Volume (FEV1), the Forced Vital Capacity (FVC), or the Forced Expiratory Volume
in the First Second Per Forced Vital Capacity (FEV1/FVC). Factors that influence
spirometry values for FEV1, and FEV1/FVC include age, sex, active and passive
smoking, genetics, and BMI, several studies have shown that asthmatic patients
with obese BMI groups have a relationship with spirometry values in the FEV1
parameter (Otrowski et al., 2006; Andayani, 2017; Rahmawati, 2014; Liu et al.,
2015).
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Someone who is overweight (obese) and underweight (thin) has a high risk of
developing asthma, which affects lung function. The mechanism that explains,
among other things, why a person with an obese body weight shows changes in
the mechanical process of breathing and the inflammatory response in the
respiratory tract. Changes in the mechanical respiratory system are caused by the
presence of adipose tissue around the ribs, which fills the chest wall, resulting in
compression and infiltration of fatty tissue in the chest wall, which causes a
decrease in the function of the respiratory muscles and bones so that chest wall
compliance decreases. This will increase the work of breathing due to a decrease
in residual volume, vital capacity, and total lung capacity, which will later affect
the values of FEV1, FVC, and FEV1/FVC. Another theory about pro-inflammatory
cytokines is that adipose tissue secretes cytokines like leptin, tumor necrosis
factor- (TNF-), and interleukin (IL)-6, which have a pro-inflammatory effect on the
respiratory tract and can cause hyperresponsiveness, resulting in obstruction and
lower FEV1 values (Nair et al., 2008; Sutherland et al., 2008; Amanda, 2015;
Haitamy, 2017).

Based on this background, about the relationship between BMI and asthma and
the absence of studies that have analyzed the BMI variable with the FEV1/FVC
ratio in asthma patients, researchers were interested in examining the
relationship between the FEV1/FVC ratio with BMI and absolute eosinophils in
patients with acute exacerbations of asthma at Mataram City Hospital, West Nusa
Tenggara in 2019 to 2020.

Method
Study Design

This research is an observational study with a cross sectional design based on the
medical records of asthma patients from June 2019 to June 2020, with a total
population of 180 cases. This research was conducted at the Mataram City
Regional General Hospital. Determination of the sample used by purposive
sampling with inclusion and exclusion criteria.

Inclusion and Exclusion Criteria

The inclusion criteria in this study were patients with acute exacerbations of
asthma who were hospitalized at the Mataram City Hospital for the period June
2019 - June 2020, and aged 18-60 years.

While the exclusion criteria in this study were patients with incomplete medical
record data (weight, height, absolute eosinophils, and FEV1/FVC values), patients
with acute exacerbation of asthma with metabolic diseases (DM,
hyperthyroidism), patients with lung disease other than asthma (COPD,
pulmonary TB, bronchiectasis, emphysema, etc.), asthma patients with
immunocompromised diseases (HIV, SLE), asthma patients with malignancy (lung
cancer and extrapulmonary cancer), and exacerbated asthma patients with
infectious diseases (parasites, viruses, and bacteria).
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Data Analysis

Data analysis was carried out in this study with univariate analysis and bivariate
analysis. Univariate analysis shows the characteristics of continuous and
categorical data samples. Data were tabulated and univariately analyzed to
determine the frequency and distribution of COVID-19 patients using a mean and
standard deviation. Bivariate analysis using the Pearson correlation test.
Multivariate analysis using multiple linear regression. The collected data is
processed and analyzed using computer software, namely the Statistical Product
and Service Solution (SPSS).

Results
Univariate Analysis

Table 1 shows the average age of the research subjects was 38 years (Mean=
38.64; SD= 11.77) with the youngest being 20 years and the oldest being 60
years. The mean FEV1/FVC score was 67.62 (Mean= 67.62; SD= 14.87). The
mean eosinophil score was 0.86 (Mean= 0.86; SD= 1.07). The study subjects had
an average height of 161 cm (Mean= 161.11; SD= 6.99), body weight of 62 kg
(Mean= 62.11; SD= 10.07), and a body mass index of 23 kgBW/m? (Mean= 23.87;
SD= 3.83).

Table 1
Sample Characteristic of Continuous Data

Variables n Mean SD Minimum  Maximum
Age (year) 180 38.64 11.77 20 60
FEV1/FVC Score 180 07.62 14.87 32 93.2
Eosinophil Score 180 0.86 1.07 0.01 7.2
Height (cm) 180 161.43 6.99 146 178
Weight (kg) 180 62.11 10.07 38 80
BMI (kgBW/m?) 180 23.87 3.83 15.06 35.56
Table 2
Sample Characteristic of Categorical Data
Variables Categories N= 180 Percentage
Gender Female 80 44.44
Male 100 55.56
Body Mass Index Underweight 17 9.44
Normal 82 45.56
Overweight 77 42.78
Obese 4 2.22

Table 2 shows the results of the categorical data sample characteristics, it can be
seen that half of the research subjects are male (55.56%). The majority of
research subjects had a normal body mass index (45.56%) and were overweight
(42.78%).
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Bivariate Analysis

Table 3
Bivariate analysis of the determinants of FEV1/FVC values using Pearson
correlation
Independent Variables r P
Age (Year) -0.15 0.038
Gender (Male) -0.07 0.329
Eosinophil Score -0.49 <0.001
BMI (kgBW/m?) -0.41 <0.001

Table 3 shows the results of the analysis using the Pearson correlation on the
determinants of FEV1/FVC values. Table 3 shows that the increase in age (r= -
0.15; p= 0.038), male sex (r= -0.07; p= 0.329), eosinophil value (r= -0.49; p<
0.001), and body mass index (r= -0.41; p< 0.001) reduced the FEV1/FVC score.

Multivariate Analysis
Table 4

The results of multivariate analysis with multiple linear regression determines the
value of FEV1/FVC

b 95% CI
Independent Variables  (Coefficient Lower Upper Limit p
regression) Limit
Age (Year) -0.03 -0.18 0.13 0.746
Gender (Male) -2.78 -6.38 0.83 0.130
Eosinophil Score -6.03 -7.80 -4.26 <0.001
BMI (kgBW/m?2) -1.22 -1.71 -0.75 <0.001

N observation= 180
Adj R?= 33.72%

The results of a multiple linear regression analysis on the determinants of
FEV1/FVC values are shown in Table 4. Table 4 shows that getting older reduces
the value of FEV1/FVC, but it is not statistically significant (b= -0.03; 95% CI= -
0.18 to 0.13; p= 0.746). Male sex has a lower probability of having a FEV1/FVC
value than female sex, but it is not statistically significant (b= -2.78; 95% CI= -
6.38 to 0.83; p= 0.130). An increase in the eosinophil score reduced the
FEV1/FVC value by 6.03 units and was statistically significant (b= -6.03; 95%
CI= -7.80 to -4.26; p< 0.001). An increase in body mass index decreased the
FEV1/FVC value by 1.22 units and was statistically significant (b= -1.22; 95%
CI=-1.71 to -0.75; p< 0.001).
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Discussion
Age and FEV1/FVC

The average age of the subjects in this study was 38 years (Mean= 38.64; SD=
11.77), the youngest was 20 years, and the oldest was 60 years. The older a
person is, the more prone to aging they are. A decrease in lung elasticity occurs in
the lungs, which affects the results of lung function tests. Age affects lung
physiology and body mass index. With age, susceptibility to disease, especially
respiratory disease, increases. The age factor affects the elasticity of the lungs and
other body tissues. Although the relationship between age and lung volume
cannot be observed, averages show large changes in lung volume. This is in
accordance with the concept of lung elasticity (Mengkidi, 2006).

The results of the multivariate analysis found that older age decreased the value
of FEV1/FVC, but it was not statistically significant (b= -0.03; 95% CI= -0.18 to
0.13; p= 0.746). The increasing age of a person affects the body's tissues. The
elastic function of the lung tissue is reduced, so that the power of breathing
becomes weaker, as a result, the air volume during breathing will become smaller.
The elastic properties of the lungs do not change at the age of 7-39 years, but
there is a tendency to decrease after the age of 25 years, and this decline is
evident after the age of 30 years.

The theory states that physiologically, with increasing age, the ability of the
body's organs will naturally decrease, including, in this case, impaired lung
function. During the aging process, there is a decrease in the elasticity of the
alveoli, thickening of the bronchial glands, and a decrease in lung capacity. If
someone who is getting older is accompanied by unfavourable environmental
conditions or is exposed to a disease, the possibility of decreasing lung function
will also be greater (Guyton and Hall, 2010).

The results of this study found 15 elderly patients (53.6%) with abnormal FVC
values because in this age category there has been a decrease in respiratory
function and physical activity has begun to decrease. Increasing age and
unfavourable environmental conditions can allow for lung disease, which will
increase the decline in lung function. The most affected variables are forced vital
capacity (FVC) and forced expiratory volume in 1 second (FEV1) (Vaz et al., 2016).

Gender and FEV1/FVC

In the univariate table, it can be seen that half of the study subjects were male
(55.56%), with the results of the multivariate analysis of sex showing that men
have a lower probability of having a FEV1/FVC value than women, but it is not
statistically significant (b= -2.78; CI 95%= -6.38 to 0.83; p= 0.130). In theory, the
total lung volume and lung capacity of women are about 20-25 percent less than
those of men, and larger in tall, athletic people than in short, asthenic people.
With a volume of 4.8 liters, men have a larger lung capacity than women, with a
volume of 3.1 liters (Tambayong, 2001).
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Eosinophil Score and FEV1/FVC

Eosinophils are thought to alter lung function in asthmatic patients, exacerbated
by chronic inflammation, through their ability to secrete cytoplasmic proteins and
their cytokines. Eosinophil granular proteins include major basic protein (MBP),
eosinophil cationic protein (ECP), eosinophil peroxidase (EPX), and eosinophil-
derived neurotoxin (EDN), which can damage the structure of lung epithelial
tissue. The overall action of the granular eosinophil protein is to stimulate nerve-
mediated bronchoconstriction and activate epithelial cells. Drugs that inhibit
airway eosinophils, including corticosteroids, anti-IgE, and anti-IL-5, are usually
effective in reducing asthma exacerbations (Kerkhof et al., 2018; Yudhawati &
Krisdanti, 2017).

Body Mass Index (BMI) and FEV1/FVC

The results of the univariate analysis showed that the majority of research
subjects had a normal body mass index (45.56%) and were overweight (42.78%).
Meanwhile, the results of the multivariate analysis showed that an increase in
body mass index decreased the FEV1/FVC value by 1.22 units and was
statistically significant (b= -1.22; 95% CI= -1.71 to -0.75; p< 0.001). An increase
in a person's body mass index affects the body's tissues. The function of the
elasticity of the lung tissue is weakened, and as a result, the power of breathing is
weakened, and as a result, the amount of air in the breath is reduced. Obesity
reduces the amount of adiponectin, which increases the effect of inflammation.

One of the mechanisms by which adiponectin acts is on the smooth muscle of the
airways. Another mediator that increases is leptin. The cause of airway
obstruction in asthma is airway hyperactivity, possibly due to increased leptin.
Airway obstruction itself causes air resistance during exhalation, increases
expiration time, and decreases FEV1 and FVC values (Shore, 2008; Nair et al.,
2008; Sutherland et al., 2008; Sabirina, 2011).

The relationship between underweight and pulmonary congestion is reflected in
the negative effects of malnutrition on airway structures. Malnutrition impairs
lung structure, flexibility, and function, respiratory muscle strength and
endurance, lung immune defense mechanisms, and respiratory regulation, which
in turn increases respiratory problems in asthmatics, including airway
obstruction (Fasitasari, 2013; Fujianti et al., 2015).

Limitation

Data collection was carried out during the COVID-19 situation, so that instead of
data collection through medical records, it is better to collect data directly from
patients, so the results are more accurate.

Conclusion

This study discusses the correlation between FEV1/FVC Ratio with Body Mass

Index (BMI) and Absolute Eosinophils in Patients with Acute Exacerbation of
Asthma at Mataram City Hospital, West Nusa Tenggara in 2019-2020, and the
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results showed the average FEV1/FVC value in patients with acute exacerbations
of asthma at Mataram City Hospital in 2019-2020 was 67.62 (Mean= 67.62; SD=
14.87). An increase in age (r= -0.15; p = 0.038), male sex (r= -0.07; p= 0.329),
eosinophil score (r= -0.49; p= 0.001), and body mass index (r= -0.41; p= 0.001)
reduced the FEV1/FVC score in patients with acute exacerbations of asthma at
Mataram City Hospital in 2019-2020. An increase in the eosinophil value reduced
the FEV1/FVC value by 6.03 units and was statistically significant. Likewise, an
increase in the value of body mass index decreased the value of FEV1/FVC by
1.22 units and was statistically significant.
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