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Asthma is a significant non-communicable disease affecting over 300 million people worldwide. This
study aimed to evaluate the influence of socio-demographic, environmental, and clinical factors on
asthma control among patients visiting community pharmacies in Lahore, Pakistan. A multicenter
prospective observational study was conducted with 284 participants using a validated data collection
tool. Data included demographics and potential confounders such as smoking, obesity, co-morbidities
(e.g., allergic rhinitis, gastroesophageal reflux disease [GERD]), and adherence to treatment. Asthma
control was classified into full, partial, and uncontrolled levels based on established guidelines.
Statistical analyses, including chi-square tests and logistic regression, were performed to identify
significant predictors. The results indicated that 53.5% of participants were female, 74.6% were

aged above 40 years, and 42.3% were obese. A family history of asthma was reported in 55.6% of
participants, while smoking was prevalent in 77.1%. Clinical co-morbidities, such as allergic rhinitis
(49.3%) and GERD (50.7%), were notable. Participants who adhered to treatment (62.3%) and engaged
in daily exercise (59.5%) exhibited significantly better asthma control. Multivariate analysis revealed
that higher education, rural residence, and the absence of obesity were positively associated with
asthma control, whereas passive smoking and prolonged asthma history had a negative impact. This
study underscores the multifaceted nature of asthma management and the importance of addressing
socio-demographic, environmental, and clinical factors. Improved asthma outcomes require targeted
interventions, including promoting adherence to treatment plans, encouraging physical activity,

and minimizing exposure to smoking and environmental allergens. The findings highlight the need
for community-centered strategies to enhance asthma control and reduce its public health burden,
particularly in middle-income countries like Pakistan.

Keywords Demographics, Factor, Asthma, Confounders, Predictors, Pharmacy, Pharmacist

Asthma is a non-communicable disease and a major public health issue all over the world'. The pathophysiology
of asthma is not clearly defined?. The common symptoms of asthma are chest tightness and shortness of breath®.
The asthmatic attack is controlled by reducing the exposure to allergen that triggers asthma attacks*. The risk
factors of asthma are smoking, allergy history, environmental allergens, low socio-economic and older age®.
Globally, more than 300 million people are affected with asthma®. It is expected that in 2025, the number of
asthma cases will increase by 100 million”. The national health survey conducted in the United States from 2011
to 2016 found that approximately 160.7 million working adults have asthma annually®. The prevalence of asthma
among adults is high, with 83% of cases triggered by exposure to dust in Karachi, Pakistan®.

Asthma is influenced by various extra-thoracic factors, such as allergic rhinitis, obesity, and
gastroesophageal reflux disease (GERD), as well as intra-thoracic factors, including COPD, hypersensitivity,
and airway obstructions’. Comorbidities are commonly present in asthma patients, further complicating disease
management!?. Research has linked periodontitis to increased asthma severity'!, while obesity is recognized as
a significant risk factor for asthma developmentlz. In contrast, Cesarean section has not been associated with
childhood bronchial asthma!?, whereas maternal exercise during pregnancy—at least three times a week—has
been shown to reduce the risk of asthma in children by half'*. Additionally, psychological factors such as anxiety
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and depression are emerging concerns, particularly in school-going children, as asthma-related limitations affect
their social and academic participation'®.

The risk of asthma is increased with allergic rhinitis'®!”. The exposure of children with particulate matter
having size < 2.5 um increases the incidence of asthma with wheezing'®. The 8-hour and 24-hour exposure of any
person with Ozone (O,), Nitrous oxide (NO,), and Sulphur dioxide increased the possibility of having asthma'®.
Exposure to household cleaning agents, volatile organic compounds, chemicals, certain pesticides, fungicides,
and insecticides increases the risk of asthma®’. Asthma is treated with two types of drugs, preventers and
relievers®!. The class of drugs, Leukotrienes receptor antagonist (LTRA); montelukast, is a preventer medication
that helps to reduce inflammation only?’. Long-acting bronchodilators are reliever medicines that are not given
alone because they do not treat inflammation?!. Short-acting bronchodilators (SABA) are not recommended
alone, both in adolescents and adults?>. SABA acts as a symptomatic treatment, but the disease is not treated by
its use?.

Instead of using separate preventers and relievers, combination therapy with MART (Maintenance and
Reliever Therapy) inhalers offer a more effective treatment strategy®*. ICS (Inhaled Corticosteroids)-formoterol
serves as an anti-inflammatory preventer that opens airways and also acts as a reliever?. It is a more effective
therapeutic option compared to using SABA alone or the SABA-ICS combination'®. ICS-formoterol has been
shown to control asthma and reduce the risk of exacerbations, both in mild attacks when used alone and in
severe attacks when used with maintenance therapy®.

According to WHO, treating asthma with inhalers is the most efficient, and safest way but still challenging
for middle-income countries?’. The latest microbial treatment with T regulatory cells (Treg) is an advanced
method for treating inflamed human cell-based dampened airways?®. Advanced biological therapies, such as
monoclonal antibodies (omalizumab, dupilumab), help improve QOL, reduce exacerbations, and minimize
severe respiratory conditions in the worst asthma cases”. In patients above age 12, dupilumab helps reduce
exacerbations much better than omalizumab®.

The control of asthma measures, such as lung function tests (LFTs) and IgE levels, depends on serum vitamin
D levels in the body??. Various confounders can influence asthma control, either positively or negatively.
Reducing risk factors that trigger asthma can significantly improve disease management. However, most previous
research on asthma control has primarily focused on hospitalized patients, clinical settings, or specific biological
markers, with limited emphasis on real-world factors affecting non-hospitalized individuals. Additionally,
studies examining the combined impact of socio-demographic, environmental, and clinical predictors on
asthma control remain scarce, particularly in the context of middle-income countries like Pakistan. Given the
growing burden of asthma and the need for more comprehensive insights into disease management outside
hospital settings, this study aimed to evaluate the effect of different confounders on asthma control in patients
visiting community pharmacies across various areas of Lahore. By focusing on a diverse outpatient population,
this research provides a broader understanding of real-world asthma management and helps identify practical
interventions to improve disease control at the community level.

Methodology

The present study was a multicenter prospective and observational study in nature, which investigated asthma
control with respect to different confounders affecting the control of asthma in multiple community pharmacies
in Lahore, one of the largest cities in Pakistan.

A validated data collection tool was utilized to evaluate the impact of various confounding factors on asthma
control. These confounders were identified based on recommendations from established guidelines, including
the NICE guidelines and Asian asthma guidelines. The tool comprised two main sections: the first captured
the demographic details of asthma patients, while the second focused on the confounders influencing asthma
control. These confounders included socio-demographic, environmental, and clinical factors, all of which were
derived from prior literature and guidelines. Asthma control was categorized into three levels: full control,
partial control, and uncontrolled asthma.

A convenience sampling technique was used to recruit asthma patients from various community pharmacies
in Lahore. The study focused on three geographic areas: Harbanspura, Garhi Shahu, and Gulberg. Pharmacies
within these areas were contacted, and prior approval was obtained from the respective pharmacists. All patients
visiting these pharmacies were asked to provide written consent for participation in the study. Only those
who voluntarily agreed to participate were included in the final analysis. The sample included asthma patients
from chain pharmacies, community pharmacies, and independent pharmacies in these regions. The principal
investigator visited multiple pharmacies to identify eligible asthma patients. These patients were selected because
they regularly visited pharmacies to fill their prescriptions, a common practice in Pakistan, where most patients
obtain their medications from community pharmacies.

Patients were approached with prior approval from the pharmacists in-charge at these pharmacies.
Participation in the study required patients with asthma to provide informed consent. Only those who gave both
oral and written consent were included in the research. Ultimately, 284 patients consented to participate and
were enrolled in the study. Detailed interviews were conducted with these patients at the community pharmacies
to gather comprehensive information on their demographics, confounding factors, and asthma control.

Ethical approval for the study was obtained from the Research and Ethics Committee of the University of
Biological and Applied Sciences, Lahore. After a thorough review of all ethical aspects of the research tool, the
committee issued formal written approval and assigned the ethical approval number MZ1/49/23. The study was
conducted in accordance with the guidelines and regulations of the ethical committee. All participants provided
written informed consent for their participation in the study.
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Statistical analysis

The experiment data was presented in both descriptive and analytical formats, with statistical analysis conducted
using SPSS version 24.0. A significance level of P<0.05 was applied to determine statistical significance. Non-
parametric statistical analysis, which explores the relationship between a dependent variable and asthma control,
was utilized. The analysis of asthma control data involved employing a chi-square test to ascertain the p-values
of various variables. In the Current study statistical significance standard for the P value was set less than 0.05
for any kind of direct positive or negative relationship in variables. Additionally, the effect size was computed
using Phi and Cramer’s V in the non-parametric analysis. These measures adjust the chi-square significance to
account for sample size differences.

Results

The socio-demographic, environmental, and clinical characteristics of the participants in the study revealed
diverse profiles. Among the 284 participants, 53.5% were female, and the majority (74.6%) were aged above 40
years. Most participants were employed in management-related jobs (27.5%) or technical roles (22.5%), with
education levels ranging from school (35.9%) to university (29.2%). A more significant proportion of participants
resided in urban areas (51.1%) and had more than two children (58.5%). Obesity was prevalent in 42.3% of the
participants, and 35.9% reported having asthma for more than five years.

Family history of asthma was reported by 55.6%, while active or passive smoking was common, affecting
77.1% of participants. Co-morbidities such as allergic rhinitis (49.3%) and GERD (50.7%) were also notable.
Treatment adherence was relatively high (62.3%), and 59.5% of participants engaged in daily exercise. These
findings highlight a multifaceted interplay of factors influencing asthma control among the population. More
details regarding the demographic characteristics can be obtained from Table 1 as follows:

In the current study, multiple logistic regression analysis was employed to evaluate the impact of various
confounders on asthma control. The analysis identified significant predictors influencing asthma management
among participants. Key socio-demographic factors, including age, gender, and education level, were found to
be associated with asthma control. Clinical variables such as obesity, duration of asthma, family history of the
disease, smoking habits, and co-morbid conditions (e.g., allergic rhinitis and GERD) also emerged as influential
factors.

Participants who adhered to their prescribed treatment plans and engaged in daily exercise demonstrated
significantly better asthma control. Conversely, factors like passive smoking and a prolonged history of
asthma were negatively associated with effective control. These findings underscore the complex interplay
of demographic, environmental, and clinical factors in determining asthma outcomes and emphasize the
importance of addressing these confounders in asthma management strategies.

Table 2 presents the socio-demographic predictors influencing asthma control among the study participants.
In univariate analysis, factors such as occupation, education level, residence, and obesity showed significant
associations with asthma control. Participants with management-related jobs or university-level education had
better asthma control compared to other groups (p<0.001), with a weak positive association (effect size n*> =
0.01). Rural residents exhibited significantly higher control rates than urban residents (p <0.001), with a weak
positive association (effect size n* = 0.04). Additionally, participants without obesity demonstrated better asthma
control compared to those with obesity (p <0.001).

Multivariate analysis confirmed the independent influence of education level and residence on asthma
control, emphasizing the critical role of socio-demographic factors in asthma management. Gender, marital
status, and number of children did not show significant associations in either univariate or multivariate analyses.
Furthermore, details can be found in Table 2.

Table 3 Highlights the environmental and clinical predictors influencing asthma control among the
participants. Univariate analysis revealed that a longer duration of asthma (> 5 years), family history of asthma,
non-smoking status, and adherence to the treatment plan were significantly associated with better asthma control
(p<0.001), with a weak positive association (effect size n> = 0.01). Participants with no smoking exposure and
those engaging in daily exercise also demonstrated improved asthma control (p <0.001).

Conversely, factors such as GERD, allergic rhinitis, respiratory tract infections, and non-adherence to the
treatment plan were associated with poor asthma control. Multivariate analysis confirmed the independent
impact of smoking status, adherence to treatment, and daily exercise as key predictors of asthma management,
underscoring the importance of lifestyle modifications and treatment compliance in improving clinical outcomes.

Tables 2 and 3 summarizes crude and adjusted odds ratios (OR) for the association between predictors
influencing asthma control and outcome variable in form of control of asthma.

Table 2 summarize the socio-demographic and environmental/clinical predictors influencing asthma control
among individuals visiting community pharmacies in Lahore, Pakistan. Table 2 (Socio-Demographic Predictors)
presents crude and adjusted odds ratios (OR) for factors such as gender, age, education, and residence. Notably,
rural residence (AOR=0.276, p<0.001) showed a weak positive association with improved asthma control
(effect size n* = 0.04), while obesity (AOR=0.302, p <0.001) was also significantly associated with better asthma
control, with a weak positive effect (effect size > = 0.06), compared to their counterparts. However, variables
such as marital status and the number of children showed no significant association after adjustment.

Table 3 (Environmental and Clinical Predictors) indicates that adherence to treatment plans (AOR=2.630,
p<0.001, effect size n> = 0.05) and regular exercise (AOR=2.124, p=0.022, effect size n*> = 0.03) were strong
predictors of improved asthma control. Additionally, a family history of asthma (AOR =2.682, p=0.002, effect
size > = 0.01) was associated with a higher likelihood of controlled asthma. In contrast, passive smoking and
respiratory tract infections were linked to poorer asthma control (AOR =0.306, p=0.007).
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Demographics N (%)
Gender

Male 132 (46.5)
Female 152 (53.5)
Age groups

18-40 years 72 (25.4)
41-60 years 109 (38.4)
More than 60 years 103 (36.3)
Occupations

Management related jobs 78 (27.5)
Clerical support workers 51 (18.0)
Plant and machine operators | 51 (18.0)
Technicians 64 (22.5)
Formers 40 (14.1)
Education

School level 102 (35.9)
College level 99 (34.9)
University level 83(29.2)
Number of children

Less than 2 118 (41.5
More than 2 166 (58.5)
Residence

Urban 145 (51.1)
Rural 139 (48.9)
Marital Status

Married 134 (47.2)
Not Married 73 (25.7)
Divorced 77 (27.1)
Obesity

Yes 120 (42.3)
No 164 (57.7)
Duration of asthma

Less than 1 year 99 (34.9)
1to 2 years 22(7.7)

2 to 5 years 61 (21.5)
More than 5 years 102 (35.9)
Family history of asthma

Yes 158 (55.6)
No 126 (44.4)
Smoking

Active smoking 110 (38.7)
Passive smoking 109 (38.4)
No smoking 65 (22.9)
Allergic rhinitis

Yes 140 (49.3)
No 144 (50.7)
Respiratory tract infection

Yes 128 (45.1)
No 156 (54.9)
Gastroesophageal reflux disease
(GERD)

Yes 144 (50.7)
No 140 (49.3)
Adherence to given treatment plan

Yes 177 (62.3)
No 107 (37.7)

Daily Exercise

Continued
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Demographics N (%)
Gender

Yes 169 (59.5)
No 115 (40.5)

Table 1. Demographic details of study population (n=284).

Variables Control of Asthma (N %) Univariate Analysis Multivariate Analysis

Control | Partially Control | Uncontrol | Crude OR (95% CI) | P-value | Adjusted OR (95% CI) ‘ P-value ‘ Effect size
Gender
Male 53(40.2) | 50 (37.9 29 (22.0) Referent Referent
Female 48 (31.6) | 62 (40.8 42(27.6) | 0.314(0.798-2.349) | 0.284 | 0.469 (0.886-2.954) 0334 |-
Age groups
18-40 years 29 (40.3) | 22 (30.6) 21(29.2) Referent Referent
41-65 years 36 (33.0) | 43 (39.4) 30(27.5) | 0.767 (0.350-1.680) | 0.271 | 0.667 (0.321-1.384) 0520 |-
More than 65 years 35(35.0) | 47 (45.6) 20 (19.4) 0.446 (0.201-0.987) | 0.046 0.446 (0.201-0.987) 0.167 -
Occupations
Management related jobs 42 (53.8) | 24 (30.8) 12 (15.4) Referent Referent
Clerical support workers 14 (27.5) | 21 (41.2) 16 (31.4) | 2.079 (1.132-3.353) | 0.005 | 0.061(0.650-0.780) 0.844 |-
Plant and machine operators | 15 (20.4) | 23 (45.1) 13 (25.5) 0.693 (0.509-2.002) | 0.240 0.633 (0.332-1.328) 0.209 -
Technicians 23 (35.9) |27 (42.2) 14 (21.9) 0.970 (0.218-2.376) | 0.105 0.510 (0.488-1.469) 0.287 -
Formers 7(17.5) |17 (42.5) 16 (40.0) | 1.323 (0.205-2.679) | 0.011 | 0.596 (0.340-1.601) 0212 |-
Education
School level 30(29.4) | 37 (36.3) 35 (34.3) Referent Referent
College level 23(23.2) | 51 (5L.5) 25(25.3) | 0.211 (0.089-0.501) | <0.001 | 0.821 (0.118-1.722) 0024 | 0.01
University level 48 (57.8) | 24 (28.9) 11(13.3) 0.485 (0.206-1.134) | 0.095 0.067 (0.396—0.208) 0.878 -
Number of children
Less than 2 44 (37.3) | 50 (42.4 24 (20.3) Referent Referent
More than 2 57 (34.3) | 62 (37.3) 47 (28.3) 0.957 (0.557-1.645) | 0.307 0.206 (0.219-1.062) 0.878 -
Residence
Urban 34(23.4) | 65(44.8) 46 (31.7) Referent Referent
Rural 67 (48.2) | 47 (33.8 25(18.0) 0.367 (0.210-0.641) | <0.001 | 0.276 (0.146-0.522) <0.001 |0.04
Marital Status
Married 47 (35.1) | 53(39.6) 34 (25.4) Referent Referent
Not Married 27(37.0) |29(39.7) 17 (23.3) 1.024 (0.495-2.119) | 0.996 0.531 (0.039-1.128) 0.953 -
Divorced 27 (35.1) | 30 (39.0) 20 (26.0) 1.039 (0.510-0.216) | 0.916 0.163 (0.764-0.931) 0.712 -
Obesity
Yes 25(20.8) | 58 (48.3 37(30.8) Referent Referent
No 76 (46.3) | 54 (32.9) 34(20.7) | 0.306 (0.171-0.549) | <0.001 | 0.302 (0.158-0.578) <0.001 |0.06

Table 2. Socio-demographic predictors influencing asthma xontrol: findings from a cross-sectional study

conducted in community pharmacies of Lahore, Pakistan (n =284). Crude Odds Ratios (OR): Define

the crude OR as unadjusted estimates representing the direct relationship between each predictor and the
outcome, without controlling for other variables. Adjusted Odds Ratios (AOR): Specify that the AOR
accounts for potential confounders by adjusting for covariates included in the model, providing a more
accurate estimate of the relationship. Effect size was determined using Partial Eta Squared (n?). Based on

Cohen’s classification, an effect size is considered small if 0.01 Snz < 0.06, medium if 0.06 < r]z <0.14, and large
if?>0.14.

Discussion

Asthma is a chronic respiratory disease that effects millions worldwide. The avoidance of trigger factors that
exaggerates the onset of acute asthma attacks is the main preventive factor in the management of asthma.
However, there are a few socio-demographic and environmental factors that positively contribute towards the
onset of acute asthma attacks. The repeated acute asthma exacerbations cause the scaring of the pulmonary
tissues that is irreversible. In the similar manner, health related quality of patients is severely affected. The
present study was conducted with the aim to observe the socio-demographic, environment and clinical factors
that effects the asthma control of patients living in Lahore- capital of Punjab, Pakistan.

Scientific Reports |

(2025) 15:10587

| https://doi.org/10.1038/541598-025-95373-4 natureportfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Variables Control of Asthma (N %) Univariate Analysis Multivariate Analysis

Control | Partially Control | Uncontrol | Crude OR (95% CI) | P-value | Adjusted OR (95% CI) ‘ P-value ‘ Effect size
Duration of asthma
Less than 1 year 22(22.2) | 45 (45.5) 32(32.3) Referent Referent
1to 2 years 5(22.7) |9(40.9) 8(36.4) 0.238 (0.112-0.505) | <0.001 | 0.052 (0.034-0.132) 0.001 0.01
2to 5 years 19 (31.1) | 30 (49.2) 12 (19.7) 0.954 (0.456-1.996) | 0.047 0.547 (0.234-1.334) 0.061 -
More than 5 years | 55 (53.9) | 28 (27.5) 19(18.6) | 0.216 (0.063-0.741) | 0.015 | 1.696 (0.698-4.120) 0043 | 0.01
Family history of asthma
Yes 73 (46.2) | 50 (31.6) 35(22.2) Referent Referent
No 28(22.2) | 62 (49.2) 36 (28.6) 3.233 (1.822-5.735) | <0.001 | 2.682 (1.418-5.072) 0.002 0.01
Smoking
Active smoking 30 (27.3) | 45 (40.9) 35(31.8) Referent Referent
Passive smoking | 20 (18.3) | 55 (50.5) 34 (31.2) 0.034 (0.008-0.150) | <0.001 | 214 (0.045-1.021) 0.053 -
No smoking 51(78.5) | 12 (18.5) 2(3.1) 0.023 (0.005-0.105) | <0.001 | 0.270 (0.057-1.209) 0.099 |-
Allergic rhinitis
Yes 60 (42.9) | 45(32.1) 35(25.0) Referent Referent
No 41 (28.5) | 67 (46.5) 36 (25.0) | 2.179 (1.259-3.769) | 0.020 | 1.505 (0.816-2.775) 0.190 |-

Respiratory tract infection

Yes 31 (24.2) | 55 (43.0) 42 (32.8) Referent Referent

No 70 (44.9) | 57 (36.5) 26 (18.6) | 459 (0.262-0.805) | 0.001 | 0.306 (0.162-0.577) 0.007 | 0.02
Gastroesophageal reflux disease (GERD)

Yes 40 (27.8) | 58 (40.3) 46 (31.9) Referent Referent

No 61 (43.6) | 54 (38.6) 25(17.9) | 0.611(0.354-1.052) | 0.005 | 0.356 (1.190-0.669) 0076 |-

Adherence to given treatment plan

Yes

80 (45.2) | 55 (31.1) 42 (23.7) Referent Referent

No

21(19.6) | 57 (53.3) 29(27.1) | 3.948(2.152-7.243) | <0.001 |2.630 (1.340-5.163) <0.001 | 0.05

Daily Exercise

Yes

74 (43.8) | 55 (32.5) 40 (23.7) Referent Referent

No

27 (23.5) | 57 (49.6) 31(27.0) 2.840 (1.597-5.051) | 0.001 2.124 (1.116-4.043) 0.022 0.03

Table 3. Environmental and clinical predictors influencing asthma control: findings from a cross-sectional
study conducted in community pharmacies of Lahore, Pakistan (n=284) Effect size was determined using
Partial Eta Squared (n?). Based on Cohen’s classification, an effect size is considered small if 0.01<n? < 0.06,
medium if 0.06 <n? < 0.14, and large if n* > 0.14.

A total of 284 asthma patients, visiting multiple community pharmacies were recruited in the study, among
which 53.5% of the patients were female while 46.5% of the patients were men, with majority of the patients over
the age of 40 years. However, no statistical association of gender with asthma control is observed in the present
study. Moreover, age as a socio-demographic factor is not statistically associated with asthma control in adult
patients. In the similar manner, a cross sectional observational study conducted in Pakistan in the year 2023,
presented similar results i.e., majority of the patients visiting pulmonary department for management of asthma
were female patients i.e., 50.2% while most of the patients belonged to the age group of 45-64 years of age®!.
Similarly, a retrospective cohort study conducted in United Kingdom (UK), extracted primary healthcare data
bases of 127,040 patients suffering from asthma in UK. The results of this study presented that majority of the
patients with asthma were female patients (60.2%) and most of them belonged to the age group of 35-54 years
of age®. The study also presented the findings that asthma is more prevalent in patients with deprived socio-
economic status®2. The reason might be the fact that patients with low socio-economic status cannot maintain
a healthy and standardized quality of living standard as compared to patients with high socio-economic status.

According to the present study, educational status has a statistically significant correlation with asthma control
of patients. The patients having college education are observed to have better asthma control as compared to the
patients with only school level education. The job status of patients does not have any particular association with
asthma control, as observed through the present study.

The current study presented a correlation with area of residence and asthma control of patients. It is observed
that patients residing in rural areas have better asthma control as compared to the patients residing in urban
areas (p<0.001). The possible reason could be the better air quality in rural areas because of low traffic burden,
agriculture and absence of industries which leads to less exposure to environmental pollutants that could act as
trigger factors for asthma exacerbations. Urban areas have poor air quality comparatively, due to traffic burdens
and urbanization leading to pollutants and toxins in air that acts as a base for respiratory conditions and asthma
exacerbations.

This study highlights a statistically significant association between obesity and poor asthma control in adult
patients (p<0.001). Our findings indicate that 46.3% of non-obese patients had controlled asthma, whereas
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the majority of obese patients exhibited uncontrolled (30.8%) or partially controlled asthma (48.3%). Several
pathophysiological mechanisms may explain this relationship. Obesity contributes to systemic inflammation
through increased levels of pro-inflammatory cytokines such as interleukin-6 (IL-6) and tumor necrosis
factor-alpha (TNF-a), which have been implicated in airway hyperresponsiveness and asthma exacerbations®.
Additionally, increased body weight exerts mechanical pressure on the chest wall and diaphragm, reducing
lung volumes and promoting airway narrowing, leading to worsened asthma symptoms*. These findings align
with a cross-sectional study conducted at the Pakistan Institute of Medical Sciences (PIMS), Islamabad, on 207
adult asthma patients, which also reported a statistically significant association (p<0.05) between high BMI
and poor asthma control, particularly among obese women?!. Similarly, another study recruiting data from
11,868 adults above the age of 18, across the regions of South Carolina presented similar results, stating that
asthma tends to be more poorly controlled in obese patients as well as underweight patients. This study also
proves a strong statistical association with asthma control and obesity (p <0.05), emphasizing on the association
of healthy lifestyle with asthma control®. A study conducted in Malabar, Kerala, India, involving 100 asthma
patients, also demonstrated that obesity is a major factor contributing to poor asthma control in both men and
women (p<0.01), corroborating the global trends observed in different populations®. Obesity is increasingly
recognized as a modifiable risk factor for asthma exacerbations, as evidenced by a randomized controlled trial
conducted at Ankara University, Turkey. The study demonstrated that structured weight reduction through diet
and lifestyle modifications led to significant improvements in asthma control among 55 obese adult patients,
emphasizing the critical role of weight management in asthma care®”. Similarly, a systematic review by Zeng
et al. in 20238 highlighted that weight loss interventions, including dietary adjustments and bariatric surgery,
significantly reduce asthma symptoms and the need for medication, further supporting the integration of
weight management strategies in asthma treatment. Given the strong association between obesity and poor
asthma control, it is imperative that healthcare providers incorporate weight management strategies into routine
asthma care. Nutritional counseling, supervised physical activity programs, and behavioral interventions should
be implemented alongside pharmacological treatments to achieve optimal asthma control. Future research
should explore the long-term effects of structured weight-loss interventions on asthma severity across diverse
populations. Additionally, further investigation is needed to determine whether anti-inflammatory therapies
targeting obesity-related cytokines may serve as a novel approach to improving asthma outcomes in obese
patients.

Our study found a statistically significant association between family history of asthma and asthma control
(p<0.002). Notably, adult patients with a family history of asthma demonstrated better asthma control (46.2%)
compared to those without a family history. This finding aligns with a prospective study conducted in Pretoria,
South Africa, on asthma patients aged 13-18 years, which identified family history as a strong predictor of
asthma incidence. Interestingly, the study also reported that a majority of patients with a family history of asthma
exhibited better-controlled asthma'®. The improved asthma control observed in patients with a family history
of the disease can be attributed to several factors. First, individuals with affected family members are likely to
have greater awareness and understanding of asthma management, leading to better adherence to treatment
plans and preventive strategies®. Additionally, such patients are more likely to recognize and avoid common
asthma triggers, such as allergens and environmental pollutants, reducing the frequency of exacerbations?.
Another possible explanation is that healthcare-seeking behavior is more proactive among individuals with
a family history, resulting in earlier diagnosis, timely medication use, and better long-term disease control?!.
These findings highlight the importance of patient education and awareness in asthma management. Healthcare
professionals should leverage family involvement in asthma education programs to reinforce disease knowledge
and encourage adherence to treatment. Future research should explore the impact of genetic predisposition and
environmental factors on asthma control to develop targeted interventions. Additionally, healthcare systems
should emphasize early screening and preventive strategies for individuals with a strong family history of asthma
to enhance disease management outcomes.

Our study found a statistically significant but weak association between cigarette smoking and asthma
control (p<0.05). This suggests that while smoking may influence asthma management, its impact is not as
pronounced as other factors such as obesity or family history. These findings align with a study conducted
among college students in South Africa, which reported that the majority of individuals with controlled asthma
did not have a history of smoking!*. Similarly, a prospective observational study involving 176 adult asthma
patients across France and Spain demonstrated that current smokers exhibited worsened clinical outcomes and
reduced asthma control*2. The detrimental effect of smoking on asthma control is well-documented. Cigarette
smoke—both active and passive—is a well-established trigger for asthma exacerbations, leading to increased
airway inflammation, mucus hypersecretion, and bronchial hyperresponsiveness**. Long-term smoking has also
been associated with corticosteroid resistance, making asthma treatment less effective and contributing to poor
disease management!. Additionally, smoking-related oxidative stress can impair lung function and accelerate
disease progression, further worsening asthma control®. Given the well-established link between smoking and
poor asthma outcomes, healthcare providers should emphasize smoking cessation as a core component of asthma
management. Public health campaigns should raise awareness about the risks of smoking in asthma patients,
while targeted interventions—such as smoking cessation programs—should be integrated into asthma care
plans. Future studies should explore the long-term effects of smoking cessation on asthma control to strengthen
clinical recommendations. In summary, while our study observed a weak positive association between cigarette
smoking and asthma control, existing literature strongly suggests that smoking contributes to worsened asthma
outcomes. Proactive measures, including patient education and smoking cessation programs, are essential to
improve disease management and enhance overall respiratory health in asthma patients.

Our study found a statistically significant association between respiratory tract infections (RTIs) and asthma
control in adult asthmatics (p <0.007). Among asthma patients with RTIs, only 24.2% had controlled asthma,
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whereas 32.8% had uncontrolled asthma and 43% had partially controlled asthma. These findings suggest
that respiratory infections can negatively impact asthma management, leading to poorer disease control.
This observation is consistent with existing literature, which indicates that bacterial and viral respiratory
infections are major contributors to asthma exacerbations. A study by Johnston (2020) found that viral RTIs,
particularly those caused by rhinoviruses, significantly increase airway inflammation, leading to bronchial
hyperresponsiveness and worsened asthma symptoms*®. Similarly, a large-scale cohort study conducted across
European hospitals confirmed that bacterial infections in asthma patients are associated with increased airway
obstruction and reduced response to standard asthma treatments*. The biological mechanism underlying this
association is well-documented. Respiratory tract infections trigger an exaggerated immune response, leading to
excessive inflammation, mucus hypersecretion, and airway remodeling, which contribute to airway narrowing
and congestion*®. Moreover, infections can impair mucociliary clearance, increasing the risk of secondary
bacterial colonization and prolonged inflammatory episodes, further worsening asthma control®. Given the
strong link between RTIs and asthma exacerbations, preventive strategies such as timely vaccination (influenza
and pneumococcal vaccines) should be emphasized in asthma management. Additionally, early detection and
treatment of infections with appropriate antibiotics or antiviral agents may help mitigate their impact on asthma
control. Patients should also be educated on infection prevention strategies, including hand hygiene, avoiding
close contact with sick individuals, and maintaining optimal asthma medication adherence.

According to the present study, adherence with the given treatment plan is positively associated with the
asthma control, having a statistically significant association (p <0.001). Majority of the respondents (45.2%) that
presented adherence with the given treatment plan had controlled asthma. The probable reason could be the fact
that, asthma treatment plan adherence would prevent asthma exacerbations leading to enhanced asthma control.
Similar results were obtained in a prospective, observational cohort study conducted on 1011 adult asthma
patients across fourteen health clinics of Malaysia, that presented a significant association of medication therapy
adherence in asthma control of the patients. Among the patients presenting non-adherence (forgetting to take
their medication on time) with medication treatment plan, 56% had partially controlled asthma and 52% had
uncontrolled asthma as observed through the spirometry findings™. In a similar manner, a retrospective study
conducted upon 155 asthma patients of Denmark belonging to the age group of 10-22, suggested similar results
i.e., almost half of the respondents with uncontrolled asthma presented non-adherence with the prescribed
medication, suggesting that special efforts should be put on to enhance adherence in children, especially with
the inhaled corticosteroids®’.

The findings of the present study illustrate the importance of exercise in asthma control. A statistically
significant (p-value=0.022) association of daily exercise is observed with control of asthma in patients. The
possible reason could be the fact that, daily exercise and healthy life style helps in reducing inflammation,
strengthening muscles and avoiding obesity. These factors positively contribute towards avoidance of asthma
exacerbations and improving health related quality of life of asthma patients. The findings of our study are
strengthened by the results of a randomized controlled trial conducted upon 53 children and adolescents of age
7-17 years, recruited from Madrid, Spain®2. The intervention group performed exercise (aerobics and resistance)
for a time period of 12 weeks, three days in a week for 1 h. The study presented the findings that combined-
aerobic and resistance strength training exercise significantly improved muscle strength as well as respiratory
muscles strength in interventional group, emphasizing the importance of daily exercise in asthma control.
Another systematic review and meta-analysis evaluating the impact of physical activity on asthma outcomes
found that moderate-intensity exercise improves airway hyperresponsiveness and reduces exacerbation
frequency in asthmatic patients, supporting the argument that physical training should be an integral part of
asthma management®. Furthermore, a cohort study conducted in Brazil involving 150 adult asthmatics reported
that individuals who engaged in at least 150 min of moderate exercise per week exhibited better asthma control,
improved pulmonary function, and fewer emergency visits compared to sedentary individuals®’. This evidence
suggests that structured exercise programs tailored for asthmatic patients should be encouraged to optimize
disease control and improve long-term outcomes.

Our study highlights the impact of various socio-demographic, environmental, and clinical factors on asthma
control in adult patients. Key predictors identified include education level, residential area, obesity, disease
duration, family history, smoking status, respiratory tract infections, daily physical activity, and adherence to
prescribed medication. These factors demonstrated a positive association with effective asthma management.
Given these findings, individualized patient counseling is essential, emphasizing smoking cessation, weight
management, regular exercise, and medication adherence to improve asthma control and overall health
outcomes.

Conclusion

In conclusion, this study emphasizes the significant impact of socio-demographic, environmental, and clinical
factors on asthma control in adult patients. Key determinants such as education level, obesity, family history,
smoking, respiratory tract infections, adherence to treatment, and physical activity were identified as crucial
factors influencing asthma management. While some factors, like obesity and smoking, were linked to poorer
asthma control, others, including educational attainment and rural residency, contributed to better asthma
outcomes. The study highlights that environmental factors, such as urban area residence and poor living
conditions, especially in lower-income countries like Pakistan, significantly influence disease management.
Therefore, factors like obesity, smoking, daily exercise, and medication adherence should be addressed through
patient counseling and public health interventions. A multifaceted approach, including patient education, lifestyle
modifications, and personalized treatment plans, is essential for improving asthma control and enhancing
patients’ quality of life. Future research should further explore the long-term effects of these factors and the
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potential benefits of targeted interventions, such as weight management and smoking cessation programs, to
prevent asthma exacerbations and improve overall health outcomes.

Strengths and limitations

This study’s strengths include its comprehensive exploration of socio-demographic, environmental, and clinical
factors influencing asthma control, making it one of the few studies to focus on a multifaceted approach. The
inclusion of diverse variables such as education level, obesity, smoking, and treatment adherence provides a
holistic view of asthma management. The findings are particularly relevant for lower-income countries like
Pakistan, where socio-environmental factors play a critical role in disease outcomes. Moreover, the study’s
emphasis on practical interventions, such as patient counseling and public health initiatives, offers actionable
recommendations for improving asthma control and patient quality of life. These strengths contribute to the
study’s overall relevance in shaping future research and health policies in asthma management.

Despite the valuable insights provided by this study, several limitations must be acknowledged. Firstly, the
cross-sectional design limits the ability to establish causal relationships between the identified factors and asthma
control. Additionally, the study’s reliance on self-reported data, particularly concerning lifestyle factors such as
smoking, physical activity, and medication adherence, may introduce recall bias or inaccuracies. The sample
size and demographic characteristics of the participants might also limit the generalizability of the findings,
especially in rural or underrepresented populations. Furthermore, environmental factors, such as air pollution
or occupational hazards, were not extensively examined, which may also play a significant role in asthma
exacerbations. Lastly, the study’s focus on adult patients limits the applicability of the findings to pediatric or
geriatric populations.

Data availability
All data generated or analysed during this study are included in this published article and the datasets used and/
or analysed during the current study are available from the corresponding author on reasonable request.
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