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Introduction

Tuberculosis (TB) is a chronic infectious disease, one of 
the oldest to affect humans. According to reports, tuber-
culosis remains the primary cause of human deaths 
worldwide.1 In 2022, China held the third-highest num-
ber of tuberculosis cases globally, following India and 
Indonesia, according to a WHO report.2

The treatment of tuberculosis extends over a pro-
longed period. The standard approach to treating tuber-
culosis involves oral anti-tuberculosis medications. In 
China’s TB planning guidelines, the briefest treatment 
regimen spans 6 months. For conditions like tuberculous 
meningitis and osteoarticular tuberculosis, treatment may 
extend to 12 months, while drug-resistant cases necessi-
tate even more extended courses. The effectiveness of 

treatment exhibits a direct correlation with adherence 
to anti-tuberculosis therapy. It has been established  
that a considerable portion of tuberculosis patients 
exhibit poor adherence to anti-tuberculosis treatment.3-5 
Currently, the limited adherence of tuberculosis patients 
to medication has evolved into a significant barrier in 
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Abstract
Objective. This study aims to investigate compliance and the influencing factors related to pediatric tuberculosis 
patients who are undergoing treatment with anti-tuberculosis drugs in the Sichuan Province of China. Methods. 
A questionnaire survey was conducted between March 2019 and March 2021. The survey was distributed to 
caregivers of children aged 0 to 14 who had been diagnosed with pulmonary tuberculosis. These children had 
been receiving oral anti-tuberculosis drug treatment for more than 1 month. The survey was administered at 
the pediatric infection departments of West China Second University Hospital, Sichuan University, and The 
First People’s Hospital of Ganzi Prefecture. Results. The study revealed a notable lack of medication adherence 
among the pediatric patients. Through multiple linear regression analysis, it was determined that several factors 
played a role in influencing medication adherence among children with tuberculosis. These factors include the 
educational level of the parents, the frequency of daily anti-tuberculosis drug prescriptions, and the parents’ 
comprehension of the disease. All of these factors showed statistically significant influence on medication 
adherence among pediatric tuberculosis patients (all P < .05). Conclusion. In order to enhance adherence 
among pediatric patients undergoing anti-tuberculosis treatment, it is imperative to focus on reinforcing 
health education, particularly for parents with lower educational attainment and limited understanding of the 
disease.
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controlling the global tuberculosis epidemic.6 The inad-
equate commitment of these patients to treatment could 
potentially lead to the persistence, escalation, recur-
rence, emergence, and widespread propagation of drug-
resistant tuberculosis bacilli, culminating in severe 
ramifications.7 Previous studies have indicated that the 
adherence of adult patients with pulmonary tuberculosis 
is influenced by factors such as their registered place of 
residence, educational attainment, and economic status, 
as well as their comprehension of the disease and 
adverse drug reactions.3,8,9 Nonetheless, there exists a 
paucity of research concerning medication adherence 
among pediatric tuberculosis patients.

In the present investigation, questionnaires were 
employed to assess the adherence status and associated 
factors relating to anti-tubercular treatment in pediatric 
tuberculosis patients within China’s Sichuan Province.

Materials and Methods

Ethical Approval and Informed Consent

The research study received approval from the Ethics 
Committee of West China Second University Hospital 
(No. 2019-055). Prior to administering the question-
naire, written parental consent was obtained from all 
participants.

Research Design

This retrospective cross-sectional survey study 
employed a questionnaire to investigate parental knowl-
edge regarding their child’s diagnosis and treatment.

Study Subjects

Children who had tuberculosis and were treated between 
March 2019 and March 2021 at the pediatric infection 
departments of West China Second University Hospital 
and the First People’s Hospital of Ganzi Prefecture in 
Sichuan province were included in this study. The inclu-
sion criteria were as follows: (1) the child’s age was 
≤14 years old; (2) they met the criteria for confirmed TB 
or unconfirmed TB according to accepted consensus 
agreements10; (3) the child had received anti-tuberculosis 
treatment for more than 1 month, and their caregiver had 
received TB knowledge and medication health education 
on at least 3 occasions; (4) the caregiver possessed nor-
mal communication and comprehension abilities.

The exclusion criteria were: (1) inability to under-
stand the content of the informed consent form and the 
questionnaire; and (2) failure to cooperate with the 
investigation or provide informed consent.

Sample Size

The sample size required for conducting a multiple lin-
ear regression analysis should ideally be 10 times the 
number of independent variables. In this study, there 
were 20 independent variables, which implies an antici-
pated sample size ranging between 200 and 300 partici-
pants. Moreover, considering a 10% rejection rate, 
factors such as the unique clinical circumstances of the 
patients, the questionnaire recovery rate, and the possi-
bility of invalid questionnaires were taken into account. 
Ultimately, the estimated sample size for this study was 
determined to be 220 participants.

Questionnaire Design

Employing a self-developed unified questionnaire 
(Supplemental Appendix 1), on-site face-to-face inter-
views were conducted as a means of data collection. 
Following a review of pertinent literature, the research-
ers extended invitations to 5 experts with expertise in 
nursing, pediatric tuberculosis diagnosis, and treatment. 
These experts were engaged to evaluate and refine the 
preliminary version of the questionnaire prior to the 
actual experiment. Subsequently, the questionnaire 
underwent revisions based on their feedback, with a 
focus on enhancing its reliability and validity.

Questionnaire Content (Variable of 
Questionnaire)

The questionnaire comprised mainly 5 sections: (1) 
basic information of the caregiver; (2) general condition 
of the children and tuberculosis; (3) medication adher-
ence scale following the methods outlined by Weihua X11; 
(4) Medication behavior questionnaire of children in 
parental custody; and (5) Knowledge on TB.

The medication adherence score indicates the extent 
to which a patient adheres to the prescribed drug.11 
Medication adherence refers to how well a patient fol-
lows medical advice and takes the medication as pre-
scribed.12 It can be determined by comparing the timing, 
quantity, and dosage of medication administration with 
the doctor’s prescription. Consistently following the 
physician’s instructions for taking the medication over 
the long term is considered good drug compliance. For 
measuring medication adherence among patients with 
chronic diseases, a medication adherence scale based on 
Xu’s methods was utilized, which is widely accepted for 
its reliability and validity. Prior to investigating anti-
tuberculosis treatment adherence in children with pul-
monary tuberculosis, the Cronbach’s α coefficient was 
calculated as .733. The scale’s total score is 25, with 
higher scores indicating better compliance.
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The TB prevention and treatment knowledge ques-
tionnaire has undergone thorough review by numerous 
studies and has been designed with clinical expertise. 
Five experts in relevant fields participated in modifying, 
pre-testing, and refining the questionnaire’s content 
before finalization. The total score on this questionnaire 
ranges from 0 to 13, with higher scores reflecting greater 
knowledge related to TB.

Questionnaire Implementation

The questionnaires were collected by independent eval-
uators. Before the investigation, we provided training to 
these evaluators for data collection. The training aimed 
to ensure that all questions in the questionnaires could 
be understood accurately by the respondents. Throughout 
the investigation, in cases where respondents were 
unable to complete a written questionnaire, either the 
respondents themselves or the evaluators completed the 
questionnaires on their behalf.

Cross-checks on the collected questionnaires were 
conducted to ensure their completeness. This involved 
verifying the key and reverse items and engaging with 
the respondents promptly to ensure accurate and timely 
responses, thereby minimizing the likelihood of incor-
rect answers.

Statistical Analysis

Data analysis was carried out using SPSS 20.0 software, 
employing double data entry. The continuous data in this 
study exhibited a normal distribution. Descriptive analy-
sis was used to depict the subjects’ characteristics, while 
a t-test was employed for single-factor analysis. For 
multivariate linear regression, factors that displayed sta-
tistical significance in the univariate analysis were 
included. A significance level of P < .05 was utilized to 
determine statistical significance.

Results

Characteristics of the Study Participants

This study gathered a total of 222 questionnaires, out of 
which 203 were returned, resulting in an effective recov-
ery rate of 91.44%. It took participants approximately  
5 to 10 minutes to complete the questionnaires. Any miss-
ing items were addressed after being identified by the 
investigators. Reverse questions were responded to as 
required, and questionnaires without identical responses 
were deemed valid. Of the children diagnosed with 
tuberculosis, 59.1% were under the age of 6, 71.4% 
hailed from rural areas, 52.5% of the children’s parents 
had received a primary school education or less, and 

51.7% had a per-capita income of less than 2000 RMB. 
Detailed general information is shown in Table 1.

Parents of Children With TB Related 
Knowledge

The findings from the survey on TB knowledge among 
parents of young children revealed a range of scores, with 
the lowest being 0 and the highest reaching 13 points. The 
average score stood at 8.79 ± 3.52 points. Notably, the 
accuracy rate for certain aspects was less than 50%. 
Specifically, respondents exhibited less than a 50% cor-
rect rate concerning the duration of TB treatment, the pri-
mary approach for preventing TB in children, the 
contagious nature of certain tuberculosis types, and the 
timeframe after completing formal treatment when tuber-
culosis patients cease to be contagious (Table 2).

The Status Quo of Medication Adherence 
in Children With Tuberculosis

Children with tuberculosis who underwent medication 
administered by their parents achieved scores ranging 
from 45 to 81, with an average score of 64.15 ± 7.78.

Analysis of Drug Dependence in Children 
With Tuberculosis

The results of the univariate analysis indicated signifi-
cant variations in anti-tuberculosis treatment adherence 
among children with differing parental educational lev-
els, occupations, family per capita monthly income, eth-
nic backgrounds, types of residence (rural or urban), 
medication duration, frequency of medication, occur-
rence of side effects, and caregivers’ knowledge of the 
disease (P < .05). No correlations were observed 
between the age of parents, marital status, the child’s 
age, being an only child, the quantity of drugs adminis-
tered, and medication adherence (P > .05) (Table 3).

Multi-Factor Analysis of Drug Dependence in 
Children With Tuberculosis

A multiple linear regression analysis was carried out 
using the medication adherence of TB children as the 
dependent variable (factor variable) and statistically sig-
nificant variables from the univariate analysis as inde-
pendent variables (parameters). The results of this 
analysis revealed that several factors significantly influ-
enced medication adherence among children with tuber-
culosis: the educational level of the parents, the number 
of daily anti-tuberculosis drug prescriptions, the specific 
hospital visited by the children, and the parents’ knowl-
edge of the disease (all with P < .05). The allocation of 
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Table 1.  General Information.

Relevant variables Number (n) Constituent ratio (%)

Gender of children
  Male 110 54.2
  Female 93 45.8
Age of children (years)
  0-3 67 33.0
  4-6 53 26.1
  7-9 36 17.7
  10-12 31 15.3
  13-14 16 7.9
The type of account
  Town 58 28.6
  Rural 145 71.4
Only child
  Yes 81 39.9
  No 122 60.1
Payment method of medical expenses
  Insurance 170 83.7
  Self-paying 33 16.3
The average monthly income of the family (yuan)
  <1000 43 21.2
  1000-2000 62 30.5
  2000-3000 76 37.4
  3000-4000 8 3.9
  4000-5000 7 3.4
  >5000 67 33.4
Gender of parents
  Male 117 57.6
  Female 86 42.4
Age of parents (years)
  <20 2 1
  20-40 114 56.1
  40-60 83 40.9
  >60 4 2
Marital status of parents
  Married 177 87.2
  Divorced 8 4
  Separated 13 6.4
  Unmarried 5 2.5
Educational level of parents
  Illiterate or semiliterate 75 36.9
  Primary school 31 15.3
  Junior high school 48 23.6
  High school or technical secondary school 36 17.7
  College or above 13 6.4
Career of parents
  Staff of state organs and institutions 10 4.9
  Workers 72 35.5
  Farmers 97 47.8
  Self-employed 12 5.9
  Unemployed people 9 4.4
  Other 3 1.5
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influencing factors regarding medication compliance in 
children with pulmonary tuberculosis is presented in 
Table 4. The details of the multiple linear regression 
analysis are shown in Table 5.

Discussion

Children diagnosed with tuberculosis exhibited an aver-
age medication adherence score of 64.15 ± 7.78 points. 
Only 34 cases (16.9%) achieved a compliance score 
exceeding 70 points, while the majority of children dem-
onstrated low medication adherence. Previous stud-
ies13-16 have indicated that medication adherence among 
adult tuberculosis patients was notably suboptimal. 
Likewise, medication adherence among diverse children 
with chronic illnesses also proved inadequate,17-20 align-
ing well with our findings.

The fifth China Tuberculosis Epidemiological 
Sampling Survey disclosed that regions with low eco-
nomic income in rural areas showed a heightened preva-
lence of tuberculosis.21 Within this survey, 71.4% of 
families hailed from rural backgrounds, with corre-
spondingly low average family incomes. In a broader 
context, parents of children with tuberculosis exhibited 
limited educational attainment, with the highest percent-
age (52.5%) having achieved a primary school educa-
tion or less. Among the population, 59.1% of children 
were aged between 0 and 6 years. Following infection 
with Mycobacterium tuberculosis, the incidence rate for 
children under 5 years old was 33.3%, decreasing to 
19.1% for those aged 5 to 14 years, and further dropping 
to 8.7% for children above 14 years,22 underscoring the 

increased vulnerability of younger children to tubercu-
losis infection.

During the course of treatment, children experienced 
drug-related side effects at a rate of 39.4%. These find-
ings were consistent with prior research, revealing that 
the most prevalent adverse effects included nausea, 
vomiting, various gastrointestinal reactions, impairment 
of liver function, and rash.23 This study underscores that 
children experiencing drug side effects tend to display 
lower medication adherence compared to those without 
such effects. Meng et al24 corroborated these results, 
identifying adverse drug reactions as the primary factor 
influencing treatment compliance among patients with 
pulmonary tuberculosis. Hence, when disseminating 
health education to parents, it becomes imperative to 
apprise them of potential drug side effects and appropri-
ate treatment modalities.

Zhemei et al25 discovered that a higher level of edu-
cation is associated with greater compliance. Regression 
analysis of drug adherence in children with tuberculosis 
revealed a correlation between drug adherence and 
parental education. Children whose parents possessed a 
higher level of education adhered to medication therapy 
more diligently compared to those whose parents had a 
lower level of education. This might be attributed to the 
fact that highly educated parents possess multiple chan-
nels of information, a better understanding of drug 
administration methods, and other disease-related infor-
mation, enabling them to recognize the significance of 
prolonged drug usage. As a result, the supervision pro-
vided by such parents amplifies children’s commitment 
to their medication regimen. This urges us to take into 

Table 2.  Parents’ Knowledge of Tuberculosis.

Knowledge of tuberculosis
Number of  
correct (n)

Proportion  
(%)

Number of  
errors (n)

Proportion  
(%)

How to correctly cure tuberculosis 160 78.8 44 21.7
If the symptoms disappear during treatment, do you need to 

continue taking medicine
156 76.8 47 23.2

Length of treatment for TB 95 46.8 108 53.2
Whether tuberculosis is an infectious disease that endangers 

human health
166 81.8 37 18.2

The route of transmission of tuberculosis 174 85.7 29 14.3
The main way to prevent tuberculosis in children 74 36.5 129 63.5
Whether a patient with continuous cough, cough phlegm for 

3 weeks and above should have a physical exam
152 74.9 51 25.1

Occurrence of tuberculosis symptom, where to go to see a doctor 171 84.2 32 15.8
With treatment, the vast majority of patients can be cured 174 85.7 29 14.3
Which tuberculosis patients are contagious 71 35.0 132 65.0
Treatment of tuberculosis needs to adhere to the time, the whole 

process, the law of medicine
175 86.2 28 13.8

What are the consequences of untreated tuberculosis 176 86.7 27 13.3
How long after TB treatment does the infectivity decrease 42 20.7 161 79.3
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account the educational background of parents, evaluate 
their capacity to receive and comprehend pertinent 
information, enhance the dissemination of disease-
related knowledge and proper drug administration tech-
niques among parents with lower educational 
backgrounds, and assess parents’ proficiency, with re-
education as an option if necessary.

Furthermore, disparities in medication adherence 
were observed among children with tuberculosis under-
going treatment at the 2 hospitals. Children treated at 
West China Second University Hospital, Sichuan 
University exhibited higher compliance rates. This dis-
crepancy could stem from the elevated level of eco-
nomic development in Chengdu, the provincial capital. 

Table 3.  Medication Adherence in Children With Different Characteristics of Tuberculosis.

Argument
Number of  
cases (n)

Compliance  
(average) t/F-value P-value

Parents’ level of education 13.46 <.001*
  Illiterate and semi-literate 75 60.17 ± 7.23
  Primary school 31 64.45 ± 7.51
  Junior high school 48 66.60 ± 7.35  
  High school or secondary school 36 65.64 ± 5.45  
  College and above 13 73.15 ± 6.28  
Parent occupation 5.11 <.001*
  The staff of state organs and institutions 10 66.30 ± 6.06  
  Workers 72 66.22 ± 5.88  
  Farmers 97 61.59 ± 8.68  
  Self-employed 12 67.58 ± 6.57  
  Unemployed people 9 65.80 ± 6.05  
  Other 3 73.67 ± 4.93  
The average monthly income of the family (yuan) 6.22 <.001*
  <1000 43 65.60 ± 5.91  
  1000-2000 62 64.05 ± 6.88  
  2001-3000 76 61.71 ± 7.94  
  3001-4000 8 63.43 ± 12.03  
  4001-5000 7 75.14 ± 4.41  
  ≥5000 7 75.14 ± 4.41  
The type of account 6.31 .023*
  Town 58 66.10 ± 6.11  
  Rural 145 63.37 ± 8.24  
The length of time the drug is used (months) 2.63 .036*
  2-3 100 63.69 ± 6.82  
  4-6 71 63,31 ± 7.96  
  7-9 10 66.70 ± 9.82  
  10-11 14 70.00 ± 9.58  
  ≥12 8 63.88 ± 8.48  
The number of times you take your medication per day 4.80 .030*
  1 time 199 63.98 ± 7.71  
  ≥3 times 4 72.50 ± 7.72  
Whether there are side effects 4.02 .012*
  Yes 80 65.85 ± 6.90  
  No 123 63.04 ± 8.14  
Visit the hospital 6.88 <.001*
  West China Second University Hospital, Sichuan 
University

132 66.64 ± 5.85  

  The First People’s Hospital of Ganzi Prefecture 71 59.52 ± 8.78  
  Parents’ knowledge of disease 64.15 ± 7.78 47.55 <.001*

*P < .05.
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Previous research has emphasized household income as 
a significant influencer of drug dependency,26-28 thereby 
suggesting that we should prioritize children with tuber-
culosis in regions with relatively modest economic con-
ditions. In such areas, it is imperative to augment 
investments in medical care, enhance health education 
for parents, and bolster medication adherence.

\The frequency at which a child with tuberculosis 
takes medication has been identified as a factor influenc-
ing medication adherence. Previous research on tubercu-
losis patients has revealed a negative correlation between 
the frequency of medication administration and patient 
adherence. However, the present study has uncovered 
that children who took the medication once per day 
exhibited a lower rate of adherence, whereas a single 
child who took the medication 3 times per day demon-
strated a higher rate of adherence. This discrepancy could 
potentially be attributed to the significant differences 
between the distributions of samples of children with 
tuberculosis who took the medication once daily com-
pared to those who took it more than 3 times a day.

Among the 4 children who were prescribed 3 daily 
doses of medication, 2 were diagnosed with drug-resis-
tant tuberculosis, while the remaining 2 were diagnosed 
with extrapulmonary tuberculosis. Due to the complex-
ity of the disease, parents were more acutely aware of its 
severity and were consequently more vigilant in over-
seeing their child’s treatment, resulting in increased 
medication adherence.

Our findings have illuminated that parental compre-
hension of their child’s tuberculosis condition consti-
tutes one of the key factors influencing medication 
adherence among children with tuberculosis. A stron-
ger grasp of tuberculosis was positively associated 
with higher compliance with anti-tuberculosis treat-
ment in children. Previous studies29-31 have similarly 
demonstrated that a solid understanding of anti-tuber-
culosis drugs among adult tuberculosis patients signifi-
cantly impacts treatment adherence. Additionally, 
medication adherence in tuberculosis patients displays 
a positive correlation with their understanding of the 
prescribed drugs.

Table 4.  Evaluation Table of Influencing Factors of Medication Compliance in Children With Pulmonary Tuberculosis.

Argument Assignment

Hospital West China Second University Hospital, Sichuan University = 1, The First People’s 
Hospital of Ganzi Prefecture = 2

Parental education Illiterate and semi illiterate = 1, Primary school = 2, Junior high school = 3, High school or 
technical secondary school = 4, college or above = 5

Parent’s occupation Staff of state organs and institutions = 1, worker = 2 farmer = 3, self-employed = 4, 
unemployed people = 5, other = 6

Monthly household income <1000 yuan = 1, 1000-2000 yuan = 2, 2001-3000 yuan = 3, >3000 yuan = 4
The type of account Town = 1, Rural = 2
The length of time the drug is used 2-3 months = 1, 4-6 months = 2, 10-11 months = 3, 10-12 months = 4, >12 months = 5
The number of times the drug is 

served daily
1 time = 1, ≥3 times = 2

Side effects of the drug Yes = 1, No = 2
Parents’ knowledge of disease Actual score

Table 5.  Multi-Weight Linear Regression Analysis of Medication Adherence Among Children With Tuberculosis.

Argument B t P 95% CI

Hospital −2.628 −2.040 .043* −5.170 to −0.087
Parental education 1.686 3.302 .001* 0.679-2.693
Parent’s occupation 0.374 0.862 .390 −0.481 to 1.228
Monthly household income 0.605 1.205 .230 −0.386 to 1.597
The type of account 1.570 1.420 .157 −0.610 to 3.749
The length of time the drug is used 0.563 1.298 .196 −0.293 to 1.418
The number of times the drug is served daily 2.860 2.603 .010* 0.693 to 5.027
Side effects of the drug 0.160 0.164 .870 −1.768 to 2.089
Parents’ knowledge of disease 4.054 5.562 .000* 2.616 to 5.492

*P < .05.
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On the one hand, the more comprehensive a parent’s 
understanding of tuberculosis, the better their awareness 
of the significance of adhering to medication regimens 
and potential drug side effects. On the other hand, this 
knowledge can mitigate the fear of the disease, along 
with misconceptions and resistance during the course of 
treatment. As a result, healthcare professionals should 
prioritize enhancing the comprehension of parents with 
children suffering from pulmonary tuberculosis. This 
can be achieved through comprehensive, systematic, 
and easily comprehensible health education delivered 
through various channels to ultimately bolster medica-
tion adherence among children.

The present study is constrained by the several limi-
tations. Firstly, the sample size, number of cases, and 
size of the research facility were all modest, which has 
implications for the generalizability of the findings. 
Additionally, the total number of illnesses is not clearly 
stated, potentially introducing bias in the representation 
of children with tuberculosis across the entire Sichuan 
Province. Secondly, although this study explored the 
relationship between demographic data, disease status, 
parental knowledge, and parents’ compliance with anti-
tuberculosis treatment, it fell short of comprehensively 
examining all influential factors. Notably, no question-
naire survey was administered among the children them-
selves, precluding an assessment of how their thoughts 
and actions contribute to adherence to anti-tuberculosis 
treatment. Thirdly, the study solely employed a cross-
sectional survey at a specific point in time to gage drug 
usage. Regrettably, it neglected to conduct a continuous 
follow-up survey that would have provided a more pro-
found comprehension of the pertinent factors evolving 
over time. Such an approach is essential for gaining a 
comprehensive understanding of the dynamics sur-
rounding tuberculosis treatment.

Conclusion

In the Sichuan Province of China, medication adher-
ence among children with pulmonary tuberculosis 
remains low. This issue is primarily influenced by fac-
tors such as parental education, family income, parental 
understanding of the disease, and medical accessibility. 
Consequently, there is a compelling need to augment 
healthcare investment in regions facing economic and 
cultural disadvantages. Furthermore, the provision of 
comprehensive health education services concerning 
the disease, the assurance of uninterrupted nursing care, 
and the facilitation of equitable distribution of top-tier 
medical resources are imperative steps toward signifi-
cantly enhancing medication adherence and the recov-
ery rate among children with pulmonary tuberculosis.
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