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Introduction: Healthcare is essential for asthma control, however, whether family-supported healthcare improves therapeutic effects
in childhood asthma remains unclear.

Methods: The enrolled patients were randomly divided into control and intervention groups. The pulmonary function was evaluated
by forced expiratory volume in 1 s as a percentage of forced vital capacity (FEV1/FVC) and fractional exhaled nitric oxide (FeNO).
Asthma control and life quality were assessed via a childhood asthma control test and pediatric asthma quality of life questionnaire.
Inflammatory cytokines interleukin-6 (IL-6) and interleukin-17 (IL-17) were determined by enzyme-linked immunosorbent assay.
Results: No significant differences existed in the basic characteristics of asthma children and their parents among two groups. The
increase of FEV1/FVC was higher in the intervention group versus the control group (76.47 + 10.76% vs 69.76 + 8.88%, p = 0.001 at
the time of post-intervention), and the decrease of FeNO was greater in the intervention group (30.43 £ 6.85 bbp vs 35.64 + 6.62 bbp,
p = 0.003 at the time of post-intervention). Family-supported healthcare highly improved asthma control and quality of life in
childhood asthma post-treatment. Meanwhile, the inflammatory cytokines 1L-17 (118.14 + 25.79 pg/mL in intervention group Vs
142.86 + 28.68 pg/mL in control group, p = 0.004 at the time of post-intervention) and IL-6 (103.76 + 23.11 pg/mL in intervention
group vs 119.73 £ 22.68 pg/mL in control group, p = 0.009 at the time of post-intervention) significantly decreased by family-
supported healthcare intervention. Importantly, acute exacerbation (80.8% in intervention group vs 95.7% in control group, p = 0.030)
and rehospitalization cases (88.5% in intervention group vs 100% in control group, p = 0.028) also decreased by family-supported
healthcare intervention.

Discussion: Family-supported healthcare improves pulmonary function and quality of life while alleviates inflammation, acute
exacerbation, and rehospitalization in childhood asthma post-routine treatment.
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Introduction
Bronchial asthma, also known as asthma, is the most common chronic lung disease of childhood, with 420000 deaths
worldwide, and developing countries account for over 80% of child deaths worldwide.'* Asthma is an incurable disease
that requires careful management to be controlled. Uncontrolled asthma results in high healthcare costs, including acute
ambulatory, emergency and in-patient hospital care. The Global Initiative for Asthma (GINA) regards asthma control as
the absence of recurrent exacerbations.’ A recent study showed that 59.6% of asthma patients experienced at least one
exacerbation post-therapy in a year, and almost one in three experienced three or more exacerbations.* The life quality of
asthma patients is significantly impaired including lethargy, sleep disturbance, decreased activity and poor concentration.
Simple asthma drugs, such as controllers like inhaled corticosteroids and relievers like short-acting bronchodilators,
can be used to treat the symptoms of asthma. These drugs have been developed over time and are recognized as essential
medicines by the World Health Organization.” The fact that accessibility and availability are still major problems in low-
income nations makes them one of the most crucial challenges. Reliever treatment, or salbutamol, was not listed as
a necessary medication in 72% of low-income nations, according to a survey.® Similarly, only 50% of all asthma patients
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had access to a bronchodilator, and less than 20% had access to a corticosteroid inhaler in low-income countries.®™
Moreover, the cost of asthma treatment is expensive,9 and the process of treatment is too long. Additionally, it is difficult
to cure asthma. Therefore, parents, as the primary caregivers, often were under high levels of care burden and
psychological barriers due to repeated exposure to the pressure of caring for their children.'® Herein, it remains
a huge challenge to develop a feasible and professional nursing plan.

Due to frequent, persistent, and poorly controlled asthma attacks in children, they can negatively impact learning,
social interaction, and mental health. Moreover, asthma’s specificity and insufficient social support pose many challenges
for parents, including insufficient knowledge and care skills. These factors directly reduce the quality of parental care and
disease control for children. Therefore, asthma children’ parents should learn and master relevant family preventive care
and healthcare knowledge and apply them reasonably in daily life. As such, this study aims to investigate family
preventive and healthcare for children with asthma and evaluate the effectiveness of family-supported healthcare in
improving the therapeutic effect of asthma children with routine treatment.

Materials and Methods

Inclusion and Exclusion Criteria

Patients were included in the study if they met the following criteria: (1) The child met the diagnostic criteria in the 2016
edition of the Guidelines for the Diagnosis and Treatment of Childhood Bronchial Asthma; (2) The patient’s condition
was stable and they could cooperate with the study; (3) Family members voluntarily participated; (4) Children and
families had certain cognitive, communication, and comprehension abilities; (5) Family members had clear
consciousness.

Any patients who met the following criteria would be excluded from the study. Firstly, patients with acute exacer-
bation of asthma. Secondly, asthma patients with pneumonia, pulmonary tuberculosis, and congenital pulmonary
hypoplasia. Thirdly, individuals with a recent history of infection. Fourthly, patients are accompanied by congenital
respiratory failure or heart failure. Fifthly, children with mental and intellectual disabilities. Informed consent and
hospital medical ethics approval were obtained for this study.

The Routine Treatment and Healthcare for Patients

The study was approved by Zibo Central Hospital, and written informed consents were obtained from the parents or legal
guardian. This study was performed in strict accordance with the Declaration of Helsinki, Ethical Principles for Medical
Research Involving Human Subjects. Patients were randomized into the control group and intervention group. Post-
discharge, both groups received standardized anti-asthma treatment including inhaled glucocorticoids and 2 receptor
blockers. The control group received routine care and education on asthma risk factors, daily living environment,
medication guidance, light diet, and allergen avoidance from an education manual. Emphasis was placed on standardized,
rational drug use. Regular phone follow-ups assessed patient disease and medication changes, and parents were reminded
of outpatient follow-ups.

The Principle for Family-Supported Healthcare

The intervention group received family-supported healthcare along with routine care and education. The detailed
principles were as follows. Initially, a home care and healthcare platform were established. Before discharge,
a detailed plan for the child’s diet, daily life, and health activities post-discharge was developed after communication
and exchange between the responsible nurse and parents. Meanwhile, media communication platforms including the
WeChat group, WeChat official account and TikTok account were established to push relevant asthma knowledge once
a week, and all parents were trained on the method of application, functions and history reviewing. Additionally, question
consultation time was scheduled from 19:00 to 21:00 every Saturday when management persons answered questions for
parents of asthma children through the WeChat group. After discharge, an electronic information document was
established for the patient, including the detailed home address, contact information, disease information, etc.
Secondly, parents were trained with professional skills. Before discharge, parents were trained with professional
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knowledge, intervention skills and appreciation of the importance of family therapy. The parents were instructed to
measure body temperature, and observe cough and wheezing. Meanwhile, they should master the correct method of
nebulization inhalation, and accurately maintain and clean the atomizer. Additionally, they were able to use medication
correctly and provide emergency treatment during acute attacks. The medication dose was modified based on the
patient’s condition. Parents and children were told about the significant repercussions of altering or quitting medicine
without authorization, which improved medication compliance.

An asthma family diary was created under the collaboration between parents and children which recorded the times of
coughing and wheezing during the day and night; conscious feeling of suffocation, amount of activity, frequency of
medication, etc. This data was consulted by specialized nurses and clinical physicians to adjust intervention plans in case
of need. Thirdly, environmental improvement was conducted. Sick children’s living environment should be kept clean
and well-ventilated. Bedclothes and bedding should be clean and dry, regularly cleaned and mites removed. Pets should
be minimized at home, and furry toys avoided. Smoking was prohibited. The parents should pay attention to air quality
and weather. In spring and summer when pollen and willow catkins are flying, asthma patients should wear masks or hats
when going out, or avoid going out. They should avoid going out or engaging in outdoor activities on hazy days, and
avoid staying in public places with high pedestrian traffic and poor air conditions. Fourthly, healthcare in daily life was
scheduled. Children should have regular routines, such as going to bed and waking up early. The child was guided to
engage in jogging, walking or fitness exercises for more than 30 minutes each time, at least 3 times weekly. Fifthly,
psychological support was employed. The psychological pressure of the child and parents was monitored, and parents
were assisted in understanding the children’s psychological changes during treatment. Standardized and reasonable health
education was provided to parents and enable them to accurately understand the disease and eliminate the burden of
family care.

The Detection of FEVI/FVC and FeNO

The intervention period was three months. The lung function indicators of children’s asthma from two groups were measured
at their first visit (before intervention) and 3 months after intervention, respectively. The indicator included forced expiratory
volume in the first second/forced vital capacity (FEV1/FVC), and fractional exhaled nitric oxide (FeNO).

The Evaluation of Asthma Control Using the Childhood Asthma Control Test

Asthma control was evaluated in children pre- and post-intervention using the Childhood Asthma Control Test (C-ACT)
table designed by Professor Nathan in the United States in 2006. C-ACT mainly included four aspects over the past 4
weeks, with a maximum score of 5 points per aspect and 25 points total. Asthma hinders daily activities (5 points); the
times that patients experience difficulty breathing (5 points); difficulty sleeping or waking up early due to asthma
symptoms such as difficulty breathing, chest tightness, and pain (5 points); evaluation of asthma control over the past 4
weeks (5 points). A total score of less than 20 indicated that asthma had not been controlled, with a score of 20-24
indicating good control and 25 indicating complete control. The coefficient of Cronbach’s a in the test scale was 0.847,
indicating good reliability and validity.

The Quality of Life

Children’s asthma quality of life was assessed using the pediatric asthma quality of life questionnaire (PAQLQ),
developed by Canadian biostatistician and epidemiologist Juniper. The scale used a 7-point scoring system (1—7 points),
with 23 items across three dimensions: activity (5 items), symptom (10 items), and emotion (8 items). The total score was
171 points. Higher total scores mean higher quality of life. The coefficient of scale Cronbach’s a was 0.859, indicating
good reliability and validity.

The Detection of IL-6 and IL-17

Before and 3 months after the intervention, 3 mL of fasting venous blood was collected from children who woke up in
the morning, followed by centrifugation. The obtained serum was used to measure the concentrations of inflammatory
factors IL-6 and IL-17 in the serum with a commercial kit (Abcam, Cambridge, MA).
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The Information of the Enrolled Patients

A total of 184 children with asthma were evaluated in this study. Of these, 25 cases did not meet the criteria and 31
children or their guardians were unwilling to participate. Therefore, 128 children were included and randomly divided
into an intervention group and a control group using a random logarithmic table, with 64 cases in each group.

Statistical Analysis

All statistical analysis was performed using SPSS software, version 26.0. The statistical data was shown with mean +
standard deviation (SD), and all p values were shown in the table and corresponding figures. P less than 0.05 indicated
the significance of the test. The comparison of the basic information was done by the Mann—Whitney test or Chi-square
test or Fisher’s exact test. The comparison of treatment effect in two groups was conducted using the mixed model of
ANOVA followed by Tukey’s multiple comparisons tests.

Results
The Research Flow of This Study

As shown in Figure 1, 128 children were enrolled after the initial screening and divided into two groups with 64 cases in
each group. Subsequently, both groups underwent a three-month intervention. During this period, four cases were lost to
follow-up in the control group, and eight actively withdrew. Finally, 52 cases were included in the analysis. There were 5
cases of loss of contact in the intervention group and 12 cases of active withdrawal. Finally, 47 cases were included in the
analysis.

Children with asthma were
screened for eligibility (n = 184)

Excluded (n = 56):
Did not meet inclusion criteria (n = 25);
Declined to participate (n = 31).

Randomization
(n=128)
]
| |

Allocated to Control group Allocated to Intervention
(n=064) group (n = 64)

)

Intervention and follow-
up for 3 months

Drop out (n = 12): Drop out (n=17):
Lost contact (n = 4); Lost contact (n = 5);

Withdraw (n = 8). Withdraw (n = 12).

Assessment after Assessment after
intervention (n = 52) intervention (n = 47)

[ Analysis ]

Figure | The research framework of this study.
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The Demographic and Clinical Characteristics of Analyzed Children and Their Parents
To exclude potential risk factors affecting the effect of family-supported healthcare, the potential risk factor involving the
age, gender, course of asthma and education status of the parents was compared between the two groups. The analysis
showed that the average age was 7.49 in the control group and 7.67 in the intervention group, which demonstrated that
there was no significant difference in age between the control group and the intervention group (Table 1). Furthermore, it
was found that there were 30 boys and 22 girls in the control group, while there were 26 boys and 21 girls, which proved
that the gender distribution was comparable in the two groups (Table 1). Moreover, the course of asthma was also
compared in the two groups and the result showed that the average course of asthma was 2.95 in the control group and
3.06 in the intervention group, indicating no significant difference (Table 1). Additionally, the education status of the
parents was also compared and the result showed that the number of parents with college and above was 25 in the control
group and 26 in the intervention group (Table 1), which implied that the education level of parents was similar. Taken

together, it was concluded that there is no difference in the basic information of the parents.

The Pulmonary Function

To evaluate the pulmonary function of pediatric asthma patients after family-supported healthcare, the FEV1/FVC
and FeNO were analyzed. Before treatment, the average FEV1/FVC was 56.428 in the control group and 56.152 in
the intervention group; after treatment, the average FEV1/FVC increased to 69.756 in the control group and 76.456
in the intervention group. This finding demonstrated that both groups had elevated FEV1/FVC after the intervention,
more prominently in the intervention group (Figure 2A). FeNO, a biomarker of airway inflammation, can be used as
an index to evaluate asthma management’s efficacy.'’ Therefore, the level of FeNO was detected in both groups.
Before treatment, the average level of FeNO was 40.503 in the control group and 41.338 in the intervention group;
after treatment, the average level of FeNO was 35.642 in the control group and 30.43 in the intervention group
(Figure 2B). This finding indicated that family-supported healthcare more drastically reduced FeNO level than
routine treatment. Collectively, it was concluded that the healthcare improved the pulmonary function better than
routine treatment.

Table | Demographic and Clinical Characteristics of Analyzed Children and Their

Parents
Characteristics Study group p value
Control group | Intervention group
(n=52) (n=47)
Age (years) 749 % 1.18 7.67 £1.23 0.371
Course of asthma 295 + 0.6l 3.06 + 0.67 0.528
Gender
Boy 30 (57.7%) 26 (55.3%) 0.841
Girl 22 (42.3%) 21 (44.7%)
Education status of the parents
Junior high school and below 10 (19.2%) 7 (14.9%) 0.745
Senior high school 17 (32.7%)) 14 (29.8%)
College and above 25 (48.1%) 26 (55.3%)

Notes: Values were presented as mean * SD or n (percentage, %). p values were derived from Mann—
Whitney test or Chi-square test or Fisher’s exact test.
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Figure 2 Comparisons of forced expiratory volume in | s as a percentage of forced vital capacity (FEVI/FVC, A) and fractional exhaled nitric oxide (FeNO, B) between the
two groups at baseline and after the intervention of 3 months. N = 52 for the control group and n = 47 for the intervention group. Data were shown with mean + SD.
Notes: *p < 0.01, **p < 0.001 and ns means no significance from the mixed model of ANOVA followed by Tukey’s multiple comparisons tests.

The Evaluation of Asthma Control and Life Quality

The C-ACT was developed to assess asthma control globally in children.'? Thus, the C-ACT of two groups was evaluated
before and after treatment. Analysis showed that the average score of the control group was 16.788 before treatment and
20.346 after treatment (Figure 3A). The average score of the intervention group was 16.532 before treatment and 21.681
after treatment (Figure 3A). This indicated that the C-ACT was comparable between groups pre-treatment but better post-
treatment, especially in the intervention group. The PAQLQ was applied to assess the effect of treatment on the quality of
life improvement.'® Analysis showed no difference between two groups pre-treatment, with an average score of 123.327
for the control group and 122.064 for the intervention group. However, post-treatment, the scores of both groups
increased to 135.673 and 146.213 respectively, with greater improvement in the intervention group (Figure 3B). It can
be concluded that family-supported healthcare improved asthma control and quality of life in patients receiving routine
drugs.

The Detection of Inflammatory Factors

IL-6 has long been viewed as a general marker of inflammation. Elevated serum IL-6 levels were reported in asthmatic patients
versus normal populations.'* Tang et al reported that IL-17 and IL-6 levels correlated with the severity of asthma.'” Therefore,
the levels of IL-17 and IL-6 were analyzed to evaluate the effect of healthcare on the improvement of asthma. It was revealed that
the average level of serum IL-17 was 185.734 pg/mL in the control group and 189.447 pg/mL in the intervention group before
treatment; after treatment, it was 142.862 pg/mL in the control group and 118.140 pg/mL in the intervention group (Figure 4A).
This finding demonstrated that the level of serum IL-17 decreased in two groups after treatment, with a greater decrease in the
intervention group. Similarly, the average level of serum IL-6 was 150.366 pg/mL in the control group and 146.286 pg/mL in the
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Figure 3 Comparisons of C-ACT (A) and PAQLQ (B) between the two groups at baseline and after intervention of 3 months. N = 52 for the control group and n = 47 for
the intervention group. Data were shown with mean * SD.
Notes: *p < 0.01, **p < 0.001 and ns means no significance from the mixed model of ANOVA followed by Tukey’s multiple comparisons tests.
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Figure 4 Comparisons of serum IL-17 (A) and IL-6 (B) between the two groups at baseline and after the intervention of 3 months. N = 52 for the control group and n = 47
for the intervention group. Data were shown with mean + SD.
Notes: *p < 0.01, **p < 0.00] and ns means no significance from the mixed model of ANOVA followed by Tukey’s multiple comparisons tests.

intervention group before treatment. After treatment, the average serum IL-6 level was 119.730 pg/mL in the control group and
decreased to 103.759 pg/mL in the intervention group (Figure 4B). This result demonstrated that serum IL-6 decreased in two
groups post-treatment, with a greater decrease in the intervention group. Together, intervention treatment inhibited inflammation,
with family-supported healthcare having a better inhibitory effect on IL-17 and IL-6. This finding indicates that family-supported
healthcare enhanced the improvement of inflammation in asthma patients treated with routine drugs.

The Evaluation of Acute Exacerbation Time and Rehospitalization Time

To further evaluate the improvement of healthcare in asthma, acute exacerbation and rehospitalization were analyzed
during the 3-month intervention. The results showed an acute exacerbation incidence of 19.2% in the control group
versus 4.3% in the intervention group, indicating healthcare significantly reduced acute exacerbation incidence
(Figure 5A). Similarly, the rehospitalization incidence was 11.5% in the control group with no cases in the intervention
group, suggesting that healthcare significantly reduced rehospitalization incidence (Figure 5B). Collectively, family-
supported healthcare effectively reduced acute exacerbation and rehospitalization frequency in pediatric asthma patients.

Discussion
Asthma is defined as reversible airflow obstruction in the condition of airway inflammation, characterized by variable
symptoms like wheezing, breathlessness, chest tightness, and cough.'®'” Asthma incidence and severity across all age
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Figure 5 Comparisons of acute exacerbation times (A) and rehospitalization time (B) during the intervention of 3 months between the two groups. Fisher’s exact test.
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groups continue to make it a major global health concern. An estimated 235-334 million people worldwide have asthma,
causing about 250,000 deaths yearly.'® Asthma management aims for symptom control and reducing exacerbation risk so
patients can live normally. However, poor asthma control affects 30%—50% of school-aged children and adolescents in
developed countries.'>*° Poor asthma control often results from modifiable factors like poor inhaler technique?' and low
adherence to treatment.”? Thus, asthma self-management is crucial for adequate control and efficient healthcare use.”’
Recently, asthma has been viewed as a special illness affecting families and society, not just individuals. The family’s
response directly affects disease outcomes, behavior, and quality of life of children with asthma. Therefore, family-
supported healthcare interventions for asthma are attracting special attention.”* This study adopted family-supported
healthcare interventions to increase parents’ professional knowledge about asthma and improve the level of asthma
control, and enable continuous, long-term, standardized prevention and health management post-discharge, positively
promoting asthma control.

In our comprehensive study, a family-supported healthcare and care plan was formulated, with the initial establish-
ment of a home care and healthcare platform. Subsequently, the development of parental professional skills was
undertaken, adhering to an intricate process. Furthermore, the living environment was factored into the plan, undergoing
improvements. A wide array of detailed standards for daily life healthcare and psychological backing was also outlined.
Through rigorous healthcare intervention, it was found that FEV1/FVC and FeNO levels significantly increased in the
intervention group, when compared with the control group. This prominent rise indicates that healthcare could positively
enhance the therapeutic effect for children afflicted with asthma. Following this, the enhancement of quality of life in the
intervention group was markedly more distinct than in the control group, painting a clear picture of the intervention’s
efficacy. Consequently, these results validate our hypothesis that healthcare interventions can elevate the therapeutic
efficacy and notably improve the quality-of-life post-treatment for asthma children.

Specific biomarkers can guide diagnosis, and treatment, and predict treatment responses.>> IL-6 is a typical cytokine
with roles in immune response, inflammation, hematopoiesis and the endocrine and nervous systems.?® IL-6 is produced
by innate immune cells, B cells, and some CD4 effector Th cells. In addition, IL-6 is secreted by non-leukocytes such as
endothelial cells, fibroblasts, astrocytes, epithelial cells and some malignant cells.”” IL-6, produced rapidly and transi-
ently in response to infections and tissue injuries, promotes host defense by stimulating acute phase responses,
hematopoiesis, and immune responses. Therefore, IL-6 is a general inflammation marker. Increasing evidence shows
IL-6 is a key cell signaling mode in asthma-related pathways and may act as an asthma biomarker.*® Our analysis found
that the baseline of IL-6 was high in two groups before treatment, but it decreased more significantly in the intervention
group after treatment, indicating an association between IL-6 and asthma.

IL-17 was initially demonstrated to be produced by activated CD4" T cells. IL-17 can induce lung structural cells to secrete
proinflammatory cytokines and chemokines, thereby triggering neutrophil infiltration.’ Notably, lung resident IL-17-producing
TH2 cells persist as the dominant IL-17 producers during chronic allergic airway inflammation.*® IL-17 expression increases in
the lung, sputum, bronchoalveolar lavage fluid, and sera of asthma patients, correlating positively with airway hyper-
responsiveness severity.”! Numerous studies also suggest IL-17 in asthmatic airways relates to asthma severity.*>> Our
comprehensive analysis showed that the level of serum IL-17 was elevated in two study groups before treatment, a finding
that was consistent with previous research. Moreover, the level of IL-17 was found to be significantly decreased post-treatment,
particularly, it declined more in the intervention group as compared to the control group. These findings, in a nutshell, provide
evidence that inflammatory cytokines such as IL-17 tend to be elevated in asthma patients, and sympathetically, the inflammation
can be better alleviated when proper healthcare interventions are provided by family and healthcare professionals.

Although it has been established that family-supported healthcare could improve therapeutic effects and enhance
asthma control. There are still some unresolved issues to be addressed. First, our work did not discuss which specific
intervention worked against childhood asthma. The specific intervention measures of the intervention group mainly
included environmental improvement, daily life care, and psychological support for the children. We think that these
intervention measures have different focuses, and it is the combination that has produced the effect. From a perspective
of study design, it is hard to distinguish which intervention exerts the most important effects. Thus, this work can not
provide a very specific family health care plan that can be immediately promoted in clinical practice, but emphasizes the
importance of family health care, which can be further optimized later in the future work. Second, the education level
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was associated with asthma management in adults, as demonstrated in a study by Wambiya et al.>** However, whether the
education level of parents affects the improvement of healthcare in asthma control in children within an intervention
group requires further research utilizing a more extensive subpopulation sample. Third, there are other inflammatory
cytokines associated with asthma rather than IL-6 and IL-17. Therefore, identifying and studying a greater number of
inflammatory cytokines represents a significant avenue for future research. Last, data on the specific medications, such as
the doses, used by the children at home was not collected.

Conclusion

The current work systematically analyzed the benefits of family-involved care for children with asthma, including asthma
control, quality of life, lung function, acute exacerbation rate, rehospitalization rate, and inflammatory factor indicators in
the serum of children. Our study demonstrated that family-supported healthcare significantly improved the pulmonary
function of childhood asthma. Consequently, asthma control and life of quality of childhood asthma were also enhanced
by the healthcare intervention. Importantly, the inflammatory IL-17 and IL-6 were also significantly decreased more by
the family-supported healthcare. These findings highlight the key role of family participation in the care of children with
asthma and provided a basis for the clinical prevention and treatment of children with asthma.
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FEV1/FVC, forced expiratory volume in 1 s as a percentage of forced vital capacity; FeNO, fractional exhaled nitric
oxide; C-ACT, childhood asthma control test; PAQLQ, pediatric asthma quality of life questionnaire; interleukin, IL;
GINA, Global Initiative for Asthma.
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