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Introduction

Respiratory diseases affect every country and 
all socioeconomic groups. The cost of lung dis-
ease reaches billions of dollars every year due to 
lost productivity and medical expenses [1,2]. In 
Indonesia alone, in 2013 there were 18 provinces 
that had an asthma prevalence that exceeded the 
national figure which reached 4.5%. Based on data 
from the Ministry of Health for 2020, Asthma is one 
of the most common types of disease suffered by 
Indonesian people. By the end of 2020, the num-
ber of asthma sufferers in Indonesia was 4.5% of 
the total population of Indonesia, or more than 12 
million [3]. Therefore, asthma is a health problem 

that needs serious attention because it can interfere 
with one’s activities.

Asthma treatment is an important key in con-
trolling asthma symptoms. But asthma is also heav-
ily influenced by the patient’s lifestyle which is not 
good and can then trigger asthma symptoms. There 
have been many studies addressing the effects of 
nutrition on asthma [1,4]. One of the nutrients cur-
rently being studied is the use of vitamin D which 
shows a role in improving asthma symptoms as 
done by Salmanpour et al. [4], Lorensia et al. [5], 
Ogeyingbo et al. [6], and Alvi et al. [7]. In theory, 
vitamin D intake contributes to improving respi-
ratory tract function to reduce asthma symptoms. 
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ABSTRACT

Background: Monitoring asthma control is crucial as it directly impacts the patient’s 
quality of life. The asthma control test (ACT) questionnaire is used to assess clinical 
symptoms for asthma control. Vitamin D deficiency can influence asthma symptoms. 
A study was conducted to evaluate how vitamin D affects symptoms in asthma patients 
through the identification of VDR gene polymorphism.
Method: This research was an experimental study with a pre-post test design method. 
Sampling with purposive sampling and snowball sampling techniques. To see an increase 
in clinical symptoms of asthma using a one-way ANOVA test and a descriptive technique 
for the VDR gene polymorphism test.
Result: The study sample was about 26 people aged ≥18 years with a minimum educa-
tion level of SMA. Vitamin D was given at a dose of 400 IU for 8 weeks. ACT increased 
significantly in treatment frequency (p = 0.011), asthma control (p = 0.03, p = 0.02), and 
total ACT (p = 0.014, p = 0.023). There was a change in the increase in ACT scores at 
week 0 and week 8 after giving intervention in the form of vitamin D3. Improvements 
occurred in asthma control rates and total ACT scores. In this study, the distribution of 
the Taq1 polymorphism was the same between the control and test groups, namely the 
homozygous wild type.
Conclusion: Vitamin D supplementation has been shown to be effective in improving 
symptom control in asthma patients with wild-type homozygotes.
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Vitamin D levels are significantly related to asthma 
control levels, because the lower the vitamin D lev-
els, the less controlled asthma is [6,8]. Vitamin D 
and asthma are a relationship between vitamin D 
intake and the inflammatory reaction that occurs 
in asthma, and low levels of vitamin D in asthmatic 
patients are at risk of increasing the severity of 
asthma [6,9,10]. Asthma therapy can be consid-
ered effective through monitoring during therapy. 
Monitoring the effectiveness of asthma treatment 
is a decrease in asthma symptoms. The instrument 
used to measure the increase in asthma symptoms 
is the Asthma Control Test (ACT), which is a simple, 
self-administered questionnaire and an easy-to-cal-
culate assessment tool [11,12]. The ACT is a simple 
alternative instrument that can be used to assess 
asthma severity without the use of special tools 
[11,12].

Despite increasing public awareness about the 
various health benefits of vitamin D, epidemiolog-
ical studies have revealed a very high prevalence of 
vitamin D deficiency worldwide, especially in Asian 
countries [13–15]. Indonesia, which is a tropical 
country and there is a lot of exposure to sunlight 
and sun, is not spared from the problem of defi-
ciency of vitamin D intake [16,17]. This was proven 
by Poh et al. [18], through a cross-sectional study 
involving 16,744 participants in Southeast Asia 
including Indonesia.

The effect of a treatment can differ from one 
person to another and is closely related to a per-
son’s genetics because genetic factors contribute 
to a range of 20%–95% for different drugs [19]. 
Vitamin D is known to regulate receptors involved 
in processes of inflammation, immunity, and cell 
proliferation. The target for vitamin D activity is 
the vitamin D receptor (Vitamin D Receptor/VDR). 
Upon entering the cell, vitamin D binds to the VDR, 
and forms an active complex that translocates to 
the nucleus to bind to the vitamin D response ele-
ment (Vitamin D Receptor Element/VDRE) in the 
genome [20,21]. VDR becomes active at the cellular 
level in lung tissue. The VDR gene itself is located 
on chromosome 12, which also binds to genes that 
determine the diagnosis of asthma and the sever-
ity of asthma [20]. Through a series of complex 
mechanisms, it is hoped that vitamin D intake can 
improve asthma control associated with genetic 
polymorphisms. The association of the VDR gene 
polymorphism with asthma is supported by a sys-
tematic review, meta analysis conducted by Tizaoui 
et al. [21], in eight case-control studies which 
showed that there was a relationship between the 

Taq1, Bsm1, and Fok1 polymorphisms in VDR with 
the susceptibility of developing asthma, especially 
Taq1. Now genetic information is needed to achieve 
optimal treatment. In Indonesia, no research has 
been conducted on the relationship between vita-
min D and asthma, which is associated with the 
VDR gene polymorphism.

This study aimed to determine the effectiveness 
of vitamin D in asthma symptoms in adult asthma 
participants (≥18 years) who have at least high 
school or equivalent education. The educational 
level can affect asthma control [22]. The purpose 
of this study was to analyze the increase in clinical 
symptoms by administering vitamin D to outpatient 
asthma as measured by the ACT questionnaire by 
identifying VDR gene polymorphism.

Method

Research design

The research design used in this study was a one-
group pre-post test design, to determine the effec-
tiveness before and after administration of vitamin 
D supplementation on improving asthma symp-
toms. This research will be conducted for 8 weeks 
according to the results of research from Menon et 
al. [23]. Vitamin D products that use vitamin D3 at a 
dose of 400 IU comply with BPOM regulations which 
say that the maximum dose of vitamin D is 400 IU 
per day orally [24]. The study was conducted from 
May to September 2023. The ethical test score was 
127/KE/V/2023 from the University of Surabaya.

Asthma symptoms were measured using the 
ACT questionnaire. ACT was a specific instrument 
for assessing asthma control in chronic asthma 
patients who describe the participant’s current 
asthma condition. It consists of five questions 
covering restricted activity, duration of conges-
tion, nocturnal asthma symptoms, frequency of 
use of reliever medication, and asthma control 
calculated over 4 weeks. Each question was given 
a 5-Likert scale answer choice. Patients will com-
plete the ACT at study entry (week 0), fourth week, 
and eighth week after being given the intervention 
[25]. The range of values for this questionnaire was 
5–25. A score of 20–25 was defined as well-con-
trolled asthma, 16–20 was defined as uncontrolled 
asthma, and 5–15 is considered very poorly con-
trolled asthma. The contents of this questionnaire 
consist of 4 questions related to symptoms plus the 
patient’s opinion regarding asthma control [11,12].

The genetic factor studied is the vitamin D 
receptor (VDR). The interaction of VDR with 
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1,25-dihydroxyvitamin D3 affects various biologi-
cal activities, such as regulation of helper T cell acti-
vation and cytokine secretion. VDR has 4 common 
SNPs (Single-Nucleotide Polymorphism), namely 
TaqI, FokI, ApaI, and BsmI. In this study, one of the 
SNPs considered to have the most influence was 
examined, namely TaqI [21]. In this study, sam-
pling was carried out using the buccal swab method 
because the method was easier and considered con-
venient for the participants.

Population and Sample

The study population was asthma patients in the 
city of Surabaya, East Java, Indonesia. Subjects in 
this study were asthmatic patients who had met the 
inclusion and exclusion criteria and had filled out an 
informed consent form with criteria including: age 
≥18 years, minimum high school education, having 
respiratory/kidney/heart problems, non-smokers, 
and not using asthma medications continuously 
(according to GINA Guideline [26], in step 1). The 
sampling technique used was purposive sampling 
to select the research sample. The sample calcula-
tion method uses the equation of the Lameshow 
formula (n = Z2.P.Q/d2), with Z = 1.96; p = 0.017; Q 
= 1-0.017 = 0.983; and d = 0.05. Thus, the minimum 
sample size (n) was 25.67~26 people. Participants 
in this study were obtained by purposive sampling 
and snowball sampling methods. This sampling was 
carried out by searching for stable asthma patients 
who live in the Rungkut sub-district, and then the 
search for potential research subjects was devel-
oped by asking other research subjects.

Methods of data collection and data analysis

Asthma symptoms were measured using the ACT 
questionnaire which was carried out before being 
given treatment, week 4, and week 8 after being 

treated. The VDR gene polymorphism will be 
tested at the Purification and Molecular Biology 
Laboratory, Faculty of Biotechnology, University 
of Surabaya. Genomic DNA was extracted from 
SK-2 buccal swabs using the QIAmp DNA Mini 
kit (Qiagen) protocol. The genomic DNA of each 
participant was used as a template for the PCR 
reaction [27]. PCR reactions were carried out in 
GoTaq Green 2x Master mix PCR reaction mixture 
(Promega). There are several types of PCR tech-
niques depending on the purpose. In this study, 
the technique used was PCR-ARMS (Amplification 
Refractory Mutation System) to identify genomic 
DNA polymorphisms. The primers used in this anal-
ysis were Taq1 primers with sequences Taq1/TT 
(wild) CAGGACGCCGGCGCTGATT, Taq1/tt (mutant) 
CAGGACGCCGCGCTGATC.

Asthma symptom analysis was tested for normal-
ity of data distribution using the Shapiro-Wilk test. 
If the p value > 0.05, then the data were normally 
normally distributed [28]. Then different tests were 
performed with one-way ANOVA.

Result and Discussion

The study was filling out questionnaires to partic-
ipants and providing interventions in the form of 
capsules containing Vitamin D3 400IU. Participants 
in this study were stratified by sex, age, and medi-
cal history (Table 1). The number of research sam-
ples based on the characteristics of the participants 
including age and gender. The largest age category 
was late adolescent patients (17–25 years) which 
was 92.60% and the highest number were women, 
namely 84.6%.

This study used vitamin D3 at a dose of 400 IU 
which was taken once a day. The use of vitamin 
D in Indonesia is limited by BPOM with a daily 
dose of only 400 IU. However, in the RDA table 

Table 1. Distribution of research subject frequency characteristics. 

Characteristics Frequency (n: 26) Percentage (%)

Gender Male 4 15.40

Female 22 84.60

Age (years) Late adolescence (17–25) 25 96.15

Early adulthood (26–35) 1 3.85

Treatment history Oral short-acting beta-2 agonists (if needed) 5 19.23

Inhaled short-acting beta-2 agonist (if needed) 9 34.62

Not currently using any medication 11 3.85

Oral corticosteroids (only used if symptoms worsen) 1 42.31
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from PERMENKES No. 75 of 2013 regarding the 
amount of nutritional adequacy recommended for 
Indonesians, it is stated that the need for Vitamin D 
per day for adults is 15 mcg or 600 IU [29]. Vitamin 

D has the ability to help absorb calcium. If the con-
sumption of vitamin D is excessive, it will increase 
the absorption of calcium and cause high levels of 
calcium in the blood (hypercalcemia). Symptoms of 

Table 2. Frequency distribution of control asthma symptom values. 

ACT Questions Category

ACT Assessment

T0 T4 T8

Frequency Percentage 
(%) Frequency Percentage 

(%) Frequency Percentage 
(%)

Asthma control based 
on activity limitation 
(over the past 4 weeks)

Always 0 0 0 0 0 0

Often 0 0 1 3.85 0 0

Sometimes 0 0 1 3.85 3 11.54

Seldom 24 92.31 20 76.92 16 61.54

Never 2 7.69 4 15.38 5 19.23

Total 26 100 26 100 26 100

Asthma control based 
on the frequency of 
shortness of breath 
(during the last 4 
weeks)

Always 0 0 1 3.85 0 0

Often 0 0 1 3.85 0 0

Sometimes 1 3.85 1 3.85 1 3.85

Seldom 17 65.38 14 53.85 15 57.69

Never 8 30.77 9 34.61 10 38.46

Total 26 100 26 100 26 100

Asthma control Based 
on Asthma symptoms 
that cause night 
awakenings (in the past 
4 weeks)

≥ 4 times a week 0 0 2 7.69 0 0

2–3 times a week 2 7.69 1 3.85 3 11.54

Once a week 3 11.54 3 11.54 1 3.85

1–2 times a month 10 38.46 5 19.23 9 34.61

Never 11 42.31 15 57.69 13 50.00

Total 26 100 26 100 26 100

Asthma control based 
on frequency of use 
of asthma reliever 
medications (during 
the last 4 weeks)

≥ 3 times a day 1 3.85 0 0 0 0

1–2 times a day 1 3.85 2 7.69 0 0

2–3 times a week 2 7.69 2 7.69 1 3.85

≤ 1 time a week 10 38.46 7 26.92 8 30.77

Never 12 46.15 15 57.69 17 65.38

Total 26 100 26 100 26 100

Asthma control based 
on level of asthma 
control (over the past 4 
weeks)

Not controlled at all 0 0 0 0 0 0

Less controlled 6 23.08 2 7.69 1 3.85

Pretty controlled 6 23.08 4 15.38 4 15.38

Well controlled 11 42.31 12 46.15 14 53.85

Completely controlled 3 11.54 6 23.08 7 26.92

Total 26 100 26 100 26 100

Total ACT Score Not controlled (≤ 19) 0 0 2 7.69 0 0

Partially controlled 
(20-24)

14 53.85 5 19.23 9 34.62

Fully controlled (25) 12 46.15 19 73.08 17 65.38

Total 26 100 26 100 26 100

T0 = Observations at week 0
T4 = Observations in the 4th week
T8 = Observations in the 8th week
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hypercalcemia are nausea, vomiting, fatigue, confu-
sion, and frequent urination [30,31].

The highest number of each ACT question did not 
change between weeks 0, 4, and 8 (Table 2). Based 
on the normality test of the p values of the five ACT 
questions and the total ACT scores indicate scores, 
both at T0, T1, and T2 show p values < 0.05, mean-
ing that the data distribution is not normal.

Table 3 shows that most of the participants 
experienced improved asthma control. And when 
viewed from the total ACT score, the majority of 
participants experienced an increase.

The results showed that changes in ACT val-
ues increased from 14 participants (53.85%) who 
were not controlled for conditions before therapy 
and then became well controlled in 17 participants 
(65.38%) at the end of therapy. Although partic-
ipants experienced improvement in ACT scores, 
there are several factors that can influence ACT 
scores, including:

a.  Gender and age [32,33]. At the time before 
puberty, male asthma patients are more 
than female. However, when entering adult-
hood what happens is the opposite, namely 
the prevalence of female asthma patients is 
greater than that of men.

b.  Genetic factors contribute to the severity of 
asthma and the effects of asthma medications 
[34,35].

c.  Exposure triggers or triggers for asthma 
flare-ups due to factors such as contact with 

triggers, food, excessive physical activity, and 
so on. May affect the control of asthma symp-
toms [33,36,37].

Table 4 showed that there was a significant 
improvement in asthma control rates and total ACT 
values from both 4 weeks of Vitamin D administra-
tion and up to 8 weeks of Vitamin D administration.

Genetic test results on 26 patients, it was found 
that 1 sample could not be identified, so only 25 
genetic samples were obtained. Figure 1 shows an 
example of the electrophoretic results of the VDR 
polymorphism using the Taq1 SNP. Figures showing 
the presence of a single band in the T region only 
as seen in T7 indicates the presence of a wild-type 
homozygote allele. The images showing the pres-
ence of double bands on T and t as in T8-t8 indicate 
the presence of heterozygote alleles. Each reaction 
contains an Internal Control to ensure the success 
of the amplification process.

Polymorphism testing in this study used the 
Amplification Refractory Mutation System method 
which had previously been used by Lombard et 
al. [38] in detecting VDR gene polymorphisms. 
Participants were divided into control and test 
groups as shown in Table 5. The SNP used is Taq1 
because it refers to research from Tizaoui et al. [21] 
and Papadopoulou et al. [39], which showed that 
the polymorphism of Taq1 in VDR had an effect on 
asthmatic conditions. There are also studies saying 
that Taq1 has an important role in the balance of 
TH1 and TH2 in the immune system [40].

Table 3. Changes in asthma symptom control values with vitamin D therapy.

ACT Questions ACT 
Assessment

Changes in ACT scores (n: 26)

increase Fixed Decrease

Asthma control based on activity limitation (over the past 4 weeks) T0 & T4 3 20 3

T0 & T8 6 16 4

Asthma control based on the frequency of shortness of breath 
(during the last 4 weeks)

T0 & T4 6 16 4

T0 & T8 6 15 5

Asthma control based on asthma symptoms that cause night 
awakenings (in the past 4 weeks)

T0 & T4 9 12 5

T0 & T8 8 14 4

Asthma control based on frequency of use of asthma reliever 
medications (during the last 4 weeks)

T0 & T4 9 13 4

T0 & T8 9 16 1

Asthma control based on level of asthma control (over the past 4 
weeks)

T0 & T4 14 10 2

T0 & T8 17 6 3

Total ACT Score T0 & T4 18 2 6

T0 & T8 19 3 4

T0 = Observations at week 0
T4 = Observations in the 4th week
T8 = Observations in the 8th week
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In this study, most of the participants in the con-
trol and test groups were detected to have homo-
zygous wild type (TT) polymorphisms, namely in 

the control group there were 8 people, in the test 
group there were 22 people. There were 2 partici-
pants who were heterozygous in the control group 

Table 4. Tests of different values for controlling asthma symptoms with vitamin D therapy.

ACT Questions
Average ACT Score p value Test used

T0 T4 T8 T0 & T4 T0 & T8

Asthma control based on activity limitation (over 
the past 4 weeks)

4.08 4.04 4.15 1.000 0.527 Friedman Test

Asthma control based on the frequency of shortness 
of breath (during the last 4 weeks)

4.27 4.12 4.35 1.000 0.527 Friedman Test

Asthma control based on asthma symptoms that 
cause night awakenings (in the past 4 weeks)

4.15 4.15 4.23 0.405 0.248 Friedman Test

Asthma control based on frequency of use of 
asthma reliever medications (during the last 4 
weeks)

4.19 4.35 4.62 0.166 0.011* Friedman Test

Asthma control based on level of asthma control 
(over the past 4 weeks)

3.42 3.92 4.04 0.03* 0.002* Friedman Test

Total ACT Score 19.65 20.58 21.27 0.014* 0.023* Friedman Test

* = there is a significant difference (p < 0.05, Ho is rejected, meaning there is a significant difference).
T0 = Observations at week 0
T4 = Observations in the 4th week
T8 = Observations in the 8th week

Figure 1. Snippet of observation results of genetic polymorphism.
Information :
TT = wild type homozygous allele
Tt = heterozygous allele
IC = Internal Control
M = Markers
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and only 1 person in the test group. Participants did 
not find any homozygous mutant genotype (tt). The 
highest number was found in the wild homozygous 
polymorphism with ACT measurement results of 14 
people experiencing improvement, 4 people expe-
riencing no improvement, and 4 people experienc-
ing decreased asthma control. In the heterozygous 
group, only 1 person who experienced improved 
asthma control was measured using ACT.

The results obtained by Papadopoulou et al. 
[39], who tested the VDR polymorphism in adoles-
cent asthmatic patients in the Republic of Cyprus 
showed that there were significant differences in 
the distribution of the Taq1 polymorphism (TT, tt, 
Tt) in the control group and the asthmatic group. In 
a different experiment, when the vitamin D levels 
were normal in both the test and control groups, the 
homozygous mutant polymorphism (tt) was more 
prevalent in asthmatic patients. However, in this 
study, there was no treatment involving the admin-
istration of vitamin D. In this study, all participants 
showed most of the participants experienced an 
increase in ACT scores. Most of the participants had 
wild-type homozygous polymorphism (TT). When 
observed individually, both participants with the 
homozygous wild type (TT) or heterozygous (Tt) 
genotypes showed a response to vitamin D admin-
istration in the form of increased ACT values.

Conclusion

There was a change in the increase in ACT scores 
at week 0 and week 8 after giving intervention in 
the form of vitamin D3. Improvements occurred 
in asthma control rates and total ACT scores. In 
this study, the distribution of the Taq1 polymor-
phism was the same between the control and test 
groups, namely the homozygous wild type. Further 
research needs to focus on developing factors that 
can affect vitamin D levels, such as age, asthma 
severity, sun exposure, physical activity, and intake 
of foods containing vitamin D. In addition, the role 

of gene polymorphisms other than VDRs can also 
be developed.
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