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Background: Pulmonary tuberculosis (PTB) is a serious infectious disease, and the factors and pathways that influence final
treatment outcomes are unclear. Here, we aimed to assess the factors that influence treatment outcomes in patients with PTB using
a structural equation model.

Methods: Participants completed a questionnaire covering demographics, understanding of PTB, psychological status, and history of
medical treatment. Exploratory factor analysis and reliability testing were performed, and a structural equation model was constructed
using the SPSS and Amos software.

Results: A total of 251 participants were enrolled. Symptoms of depression were observed in 94.4% of participants, whereas 6%
showed mild or greater anxiety. Through factor rotation, four common factors were extracted with a total variation of 66.15%. The
structural equation model indicated that regular tuberculosis-related follow-up behaviour had a direct and positive effect on the final
treatment outcome, with a path coefficient value of 0.20; the level of PTB understanding had a direct positive effect on the testing
behaviour for PTB, with a path coefficient of 0.26; patients’ psychological characteristics had a direct negative impact on regular
testing behaviour, with a path coefficient of —0.13. The psychological characteristics and level of disease understanding of patients
exerted indirect effects on the treatment outcome by affecting the way patients approached tuberculosis detection behaviour.
Conclusion: Interventions aimed at improving the treatment outcomes of patients with PTB should mainly focus on financial support
and improvements in psychological status in addition to a greater understanding and knowledge of PTB. Furthermore, patients should
be encouraged to undergo regular PTB testing during the follow up period, as this mediates the effect of other factors on treatment
outcomes and also helps in achieving favourable treatment outcomes.
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Introduction

Pulmonary tuberculosis (PTB) remains one of the leading causes of deaths globally.' Based on the Global Tuberculosis
Report released in 2022, the estimated number of newly diagnosed tuberculosis (TB) cases and multidrug resistant TB
(MDR-TB)/rifampicin resistant TB (RR-TB) in China was 780,000 and 33,000 in 2021, with an estimated total TB
incidence of 55/100,000 and an estimated MDR/RR-TB incidence of 2.3/100,000, respectively. China is still listed as one
of 30 high TB-burden countries, ranking third after Indonesia and India.? With the development of standardised treatment
regimens recommended by the World Health Organization, the majority of people with PTB can achieve favourable
treatment outcomes.” However, several factors, such as financial situation and depression status, can cause poor
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individual compliance, ultimately contributing to poor treatment outcomes.*> Following the outbreak of the COVID-19
pandemic in 2019, containment and control measures further amplified the contribution of these influencing variables to
PTB.® In order to inform effective and efficient interventions, it is vital to understand what factors influence the treatment
outcomes of PTB patients.

Common statistical methods, such as logistic regression and Cox proportional hazards regression analysis, have been
widely used to explore the factors related to TB treatment outcomes.®® Although these methods can be used to determine
the direct effects of potential factors, interactions and indirect relationships can be missed. A structural equation model
(SEM) provides a robust alternative approach that not only allows for the exploration of potential mechanisms
comprising direct and indirect effects from different variables but also explains the complex pathways related to the
development of unfavourable treatment outcomes.’

In this study, we constructed a SEM to assess the factors influencing treatment outcomes, including demographic
characteristics, psychological status, knowledge of PTB, and detection behaviour relating to PTB. Given the influence of
the COVID-19 pandemic, the exploration of significant pathways and mediators associated with patient treatment

outcomes will help to inform effective interventions.

Methods

Overview of the Study Area

The site of our study was the Fenghua county of Zhejiang Province. Fenghua county is located in the eastern area
of Zhejiang Province, belonging to the Ningbo Municipality (Figure 1). It consists of 11 districts and 26
communities, with a cover area of 1253 km®. Fenghua county has one designated PTB hospital for case
identification and 26 community health service centres implementing the directly observed treatment of short
course strategy (DOTs) intervention.
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Figure | Location of the Fenghua county in Ningbo Municipality.
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Study Design, Procedures, and Participants

All locally diagnosed PTB cases during 2019-2020 in Fenghua county were selected. A total of 502 newly diagnosed
PTB cases were notified in the Tuberculosis Information Management System (TBIMS) during the study period. We
retrospectively traced the patients with PTB in 2022, and 301 of these participants provided informed consent and
answered the questionnaires. The questionnaires were completed in face-to-face or through telephone interviews by
trained investigators in the local Center for Disease Control and Prevention (CDC) and community doctors. The contents
of the questionnaires included 1) gender, age, income, education, and other general demographic characteristics; 2)
understanding of PTB, including the symptoms, prevention, curability, and its possible transmission; 3) psychological
characteristics, assessed through the Center for Epidemiologic Studies Depression Scale (CES-D)'® and Self-rating
Anxiety Scale (SAS);'"" and 4) tuberculosis detection behaviour, characterised by whether the patient adhered to
a recommended sputum and chest X-ray examination regimen during the follow-up period, as determined from the
TBIMS or Hospital Information System (HIS) in the local designated hospital. The questionnaire was designed and
performed by our research group with the language of Chinese. The Chinese translations of the CES-D and SAS (in
Chinese) are widely used in China and have a high internal consistency.'? Ultimately, a total of 251 participants
satisfactorily completed the questionnaires without logical errors and were included in the analysis.

Definition

All individuals with suspected PTB were diagnosed in accordance with the latest version of diagnostic criteria in China,
using pathological examination, chest imaging, and other related auxiliary examinations. In this study, the cases
comprised bacteriologically confirmed and clinically diagnosed patients, and cases were excluded if the further results
from phenotypic or genotypic methods implied a possibility of drug resistance (Figure 2). Treatment outcomes were
classified as completion of the treatment course, cure, and others (failure or adverse reaction). All definitions conform to
the National Diagnostic Criteria for Pulmonary Tuberculosis (WS288-2017) and Classification of Tuberculosis (WS196-
2017)."*"'* With respect to the assessment of psychological characteristics, a CES-D score <15 indicated no symptoms of
depression, 16—19 indicated probable symptoms of depression, and >20 indicated definite symptoms of depression. A
SAS score <50 was considered to indicate no anxiety, 50—59 mild anxiety, 60—-69 moderate anxiety, and >70 severe

anxiety.
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Figure 2 Flow chart of the included PTB patients in the study.
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Ethical Approval

This study was approved by the Ethics Committee of Zhejiang Provincial Center for Disease Control and Prevention;
informed consent was obtained from all participants (2022—-032-01). All data utilised in this study followed the Law of
the Prevention and Treatment of Infectious Diseases in the People’s Republic of China and complied with the Declaration
of Helsinki.

Statistical Analysis

The general epidemiological characteristics of the participants, tests of the reliability, and validity of questionnaire data
were performed using SPSS 24.0 (IBM Corp., Armonk, NY, USA). Exploratory factor analysis was firstly used to
identify the observed variables corresponding to each latent variable that likely affected the treatment outcomes of
patients with PTB. Then, each dimensionality was evaluated for its reliability. Finally, the structural relationships among
variables associated with treatment outcomes in patients were analysed using the Amos 24.0 software. The following fit
indices were used to evaluate the overall model: root mean square error of approximation (RMSEA), standardised root
mean squared residual (SRMR), comparative fit index (CFI), incremental fit index (IFI), Tucker-Lewis index (TLI), the
goodness-of-fit index (GFI), and the adjusted GFI (AGFI), in which the CFI, GFI, AGFI, IFI, and TLI values greater than
0.90, and RMSEA and SRMR values less than 0.08 indicate an acceptable fit.'>'®

Results

General Characteristics of the Participants

The characteristics of the study participants are summarised in Table 1. The study included 251 participants; of these,
69.7% were male and 67.7% were aged > 35 years old. Most of the participants were employed as manual labourers, and
almost 75% had not completed senior high school. The annual family income for 83.3% of the participants was <RMB
120,000. Most study participants (95.2%) had lived locally for more than six months. Definite symptoms of depression

Table | General Characteristics of the Study Participants (N = 251)

Variables No. of Participants | Percentage (%)

Age

<35 8l 323

>35 170 67.7

Sex

Male 175 69.7

Female 76 30.3

Marital status

Married 185 737

Unmarried 44 17.5

Divorced 12 4.8

Widowed 10 4.0

Occupation

Agricultural labour 40 15.9

Worker 100 39.8

Business service personnel 17 6.8

Medical Staff 2 0.8

Educators 2 0.8

Public institution and government staff 7 2.8

Transportation personnel 5 2.0

Not working 29 1.6

Others 49 19.5

(Continued)
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Table | (Continued).

Variables No. of Participants Percentage (%)
Education level

llliterate 12 4.8
Primary school 84 335
Junior high school 90 359
Senior high school 48 19.1
College school and above 17 6.8
Monthly income (RMB)

<2,000 52 20.7
2,000—4,000 84 335
4,000-6,000 93 37.1
6,000-8,000 10 4.0
>8,000 12 48
Annual incomeof the family (RMB)

<30,000 24 9.6
30,000-60,000 59 235
60,000-90,000 70 27.9
90,000-120,000 56 223
120,000-150,000 19 7.6
150,000-180,000 14 5.6
>180,000 9 3.6
Duration of residence

<6 months 12 48
26 months 239 95.2
Anxiety scale scores

<50 236 94.0
50-59 8 32
60-69 7 2.8
Depression scale scores

<15 13 5.2
16-19 | 0.4
220 237 94.4
Treatment outcome

Completion of the treatment course 129 442
Cured Il 51.4
Others I 44

were exhibited by 94.4% of study participants, whereas 6.0% exhibiting mild or moderate symptoms of anxiety. The
majority of participants (95.6%) were classified as having completed the treatment course or as cured.

Exploratory Factor Analysis

In this study, participant demographic variables, anxiety scale score, depression scale score, understanding of PTB, and
participation in regular sputum and chest X-ray examinations were included in the exploratory factor analysis. The
Kaiser-Meyer—Olkin test value (0.628) and the approximate y° of Bartlett’s test of sphericity (728.782; degrees of
freedom = 55, P < 0.001), indicated possible correlations among the included variables and that further factor analysis
needed to be carried out. The principal component analysis method was used to extract factors. The factor was rotated
using the Kaiser normalisation maximum variance method, which converged after six iterations, with the eigenvalues
more than 1. Combined with the scree plot, four common factors were extracted, with a total variation of 66.15%.

According to the variant content of the common factors, common factor 1 was defined as population characteristics,
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common factor 2 as PTB detection behaviour, common factor 3 as psychological characteristics, and common factor 4 as
PTB understanding level (Table 2).

Questionnaire Reliability Test

Following exploratory factor analysis, four dimensions above were further analysed through reliability test. Reliability
analysis showed that Cronbach’s a coefficients of all dimensions were greater than 0.7, and only one dimension was slightly
less than 0.6 (Table 3).

Construction and Modification of the Structural Equation Model

Our sample size of 251 meets the requirement for a sample size greater than 10 times the number of included variables.
Based on exploratory factor analysis combined with available knowledge, four latent variables covering 12 observed
variables were included in the SEM with a comparative well fitness. The final path diagram of the SEM and its fit indices
with factor loading are shown in Figure 3 and Table 4, respectively. The fit indices for the SEM are presented in Table 5.
The results demonstrated that the regular PTB-related detection behaviour had a direct and positive effect on the final
treatment outcome, with a path coefficient value of 0.20. Additionally, the level of PTB understanding had a direct
positive effect on the detection behaviour of PTB, with a path coefficient of 0.26, whereas the psychological character-
istics (path coefficient —0.13) had a direct negative impact on PTB detection behaviour. Furthermore, the psychological
characteristics and level of disease understanding exerted indirect effects on the treatment outcome by affecting detection

behaviour during the follow-up period.

Table 2 The Component Matrix After Rotation*

Variables Common Common Common Common

Factor | Factor 2 Factor 3 Factor 4

Monthly income 0.829
Annual income 0.756
Education 0.729
Occupation 0.591

Regular sputum examination 0.945
Regular Chest radiography 0.938

Depression symptoms 0.876
Anxiety symptoms 0.831

Understanding of PTB 0.738
transmission
Understanding of PTB 0.691
symptoms
Understanding PTB treatments 0.688

Notes: *Extraction method, principal components; Rotation method, Kaiser’s normalisation maximum variance method.
Abbreviation: PTB, pulmonary tuberculosis.

Table 3 Reliability Tests of four Dimensions™*

Dimensions Number of Index Questions | Cronbach’s a
Population characteristics 4 0.718
Psychological characteristics | 2 0.713
PTB understanding level 3 0.530
PTB detection behaviour 2 0.898
Abbreviation: *PTB, pulmonary tuberculosis.
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Figure 3 Structural equation model for treatment outcomes.

Discussion

© ®

e11

Treatment
outcome

PTB is an infectious disease caused by Mycobacterium tuberculosis."” Individuals experiencing this disease commonly

require more than six months of treatment and are subject to discrimination and economic burden.'®

Although enormous

success has been achieved in the prevention and treatment of PTB recently, challenges such as the increase in drug-
resistant PTB and the influence of the COVID-19 pandemic on individuals and health care systems can result in

unsatisfactory treatment outcomes for patients with PTB.' This study investigated the associations between treatment

outcomes and variables such as regular detection behaviour, understanding of PTB, psychological characteristics, and

population characteristics. To our knowledge, this is the first study to use a SEM to analyse the complex relationship

Table 4 Test Results of Path Relationship®

Model Paths Unstandardized Standardized SE CR P
Estimates Estimates
Psychological characteristics | <— | Demographic characteristics —11.680 —0.404 2920 | —4.001 ok
PTB understanding level <— | Demographic characteristics —0.012 —0.013 0.085 | —0.143 0.886
PTB detection behaviour <— | Psychological characteristics —0.001 —-0.127 0.001 —1.861 *
PTB detection behaviour <— | PTB understanding level 0.075 0.261 0.030 2.498 ok
Treatment outcome <— | PTB detection behaviour 1.442 0.204 0.401 3.592 ok
Notes: *¥ P < 0.001; ** P < 0.05; *P < 0.1.
Abbreviations: 'SE, standard error; CR, critical ratio; PTB, pulmonary tuberculosis.
Table 5 Fit Indices of the Structural Equation Model*
Fit Index x2Idf P df | SRMR GFI AGFI IFI RMSEA CFI TLI
Reference value 1-3 — — | <0.080 | >0.900 | >0.900 | >0.900 <0.080 >0.900 | >0.900
Correction value | 1.068 | 0.346 | 50 | 0.044 0.965 0.945 0.995 0.016 0.995 0.994
Abbreviations: *Df, degrees of freedom; SRMR, standardised root mean squared residual; GFl, goodness-of-fit index; AGFI, adjusted
goodness-of-fit index; IFl, incremental fit index; RMSEA, root mean square error of approximation; CFl, comparative fit index; TLI,
Tucker-Lewis index.
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between these factors, an approach that can provide a clearer understanding of the pathways mediating treatment
outcomes and a new perspective for improving the treatment outcomes and management of patients with PTB.

In the present study, the fit indices of the SEM showed that standard PTB-related detection behaviour is the main
factor that directly affects the treatment outcomes of patients with PTB. Methods of PTB detection mainly include
regular sputum examination and chest X-ray examination, following the advice of the designated hospital’s doctor.
During the treatment course, five sputum and two chest X-ray examinations in different months are required to
understand dynamic changes in the illness status of patients with PTB. To some extent, regular detection behaviour
also reflects which patients show comparatively good adherence to the treatment regimen, which is beneficial for
achieving a favourable treatment outcome and reducing the occurrence of drug resistance.*?!

Previous studies indicated that depression is a critical cause of poor treatment compliance and that it even causes
unfavourable outcomes.”” Our results showed that psychological characteristics had a direct negative impact on PTB
detection behaviour but did not affect the treatment outcome directly. It is suggested that patients with poor psychological
status are more likely to have irregular PTB detection behaviour. A previous study demonstrated that patients with PTB
having psychological problems commonly had less awareness of the importance of regular testing and treatment, and
related treatment compliance is also likely to decline.> Furthermore, it has been found that during the COVID-19
pandemic, some patients with PTB developed psychological problems, such as depression and anxiety, due to the
contagiousness of the disease itself, complexity of the treatment process, and inevitable financial burden.>* It has been
reported that compared to that in the general population, the prevalence of depression and anxiety is higher among
patients with PTB.?*° In our study, the depression score, as assessed by CES-D, among patients with PTB during the
COVID-19 pandemic reached 27.71 &+ 9.35 (mean + standard deviation), which was higher than that reported in previous
studies of the general population (13.24 + 10.33) and patients with PTB (15.86 + 8.26).'%*’ Indeed, the sharp increase in
depression score may be inseparable from the COVID-19 pandemic.?® Thus, comprehensive interventions for PTB cases
should not only providing needful aid funds and drug for free but also the indispensable psychological care to improve
treatment adherence. It is also suggested that the health detection package including psychological care should be
considered in the routine examination of PTB cases.

Our findings suggest that the psychological status of patients is considerably affected by their socio-demographic
characteristics, with individual monthly income and annual income of the whole family having the greatest effect.
Patients with high incomes commonly had comparatively low levels of depression and anxiety; those with better
economic circumstances may be able to handle the financial pressure more effectively, for example from work
interruption, during the treatment process.”’ Patients with PTB not only have to bear the medical expenses for disease
diagnosis and treatment but also suffer from the impact of reduced productivity and income caused by health damage.”
Although the strategy of free diagnosis and treatment of tuberculosis has been implemented in China, patients still have
to bear high costs; hence, it is necessary to consider providing more adequate financial support for patients with PTB.*!

The level of understanding of PTB was another factor that had a direct positive effect on the detection behaviour of
patients with PTB. The higher the level of understanding of the disease, the higher was the level of regular detection and
compliance. On the other hand, the patients with PTB who lacked disease-related knowledge often lost confidence during
the prolonged management phase, resulting in poor treatment compliance.?’*? Previous studies have shown that a lack of
knowledge of PTB can lead to negative attitudes and behaviours in patients.*® Therefore, educating patients about PTB
can improve their health-related behaviours during initial treatment and help them comply with standard PTB detection
and treatment requirements, thereby leading to better treatment outcomes.

This study has some limitations. Firstly, the samples were collected from one county, and information collection was
carried out using a retrospective questionnaire; therefore, it may be affected by recall bias. Secondly, due to the limited
designs, some relationships between population characteristics and PTB detection behaviour may have remained
undetected. Finally, due to the limited sample size, the further research stratified by age was not performed, which
may result in some bias. Nevertheless, our study provides useful insights into the factors associated with successful PTB
treatment outcomes, which should be beneficial for the further advancement of clinical diagnosis and treatment. Besides,

larger retrospective or prospective analyses are still needed to confirm our findings.
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Conclusion

Interventions aimed at improving the treatment outcomes of patients with PTB should mainly focus on providing
financial support, regular PTB knowledge education, and psychological counselling to patients during the treatment
period. More importantly, monitoring of regular PTB detection behaviour should be strengthened, which mediates the
effect of other factors on treatment outcomes and also are essential to favourable treatment outcomes.

Abbreviations

TB, Tuberculosis; PTB, Pulmonary tuberculosis; SEM, Structural equation model; DOTs, Directly observed treatment of
short course strategy; TBIMS, Tuberculosis Information Management System; CDC, Center for Disease Control and
Prevention; CES-D, Center for Epidemiologic Studies Depression Scale; SAS, Self-rating Anxiety Scale; HIS, Hospital
Information System; RMSEA, Root mean square error of approximation, SRMR, Standardised root mean squared
residual; CFI, Comparative fit index; IFI, Incremental fit index; TLI, Tucker-Lewis index; GFI, Goodness-of-fit index;
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