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Objective: A hospital in Xi’an, Shaanxi Province, China, implemented patient-centered care services to improve the treatment 
outcomes of patients with multidrug-resistant/rifampicin-resistant tuberculosis. Given the high recurrence rate and treatment chal-
lenges of this disease, this study aimed to evaluate the effects of patient-centered care services compared to standard care in improving 
patient treatment adherence and reducing loss to follow-up.
Methods: This single-center retrospective cohort study included multidrug-resistant/rifampicin-resistant tuberculosis patients diagnosed and 
treated at the Xi’an Tuberculosis Prevention and Treatment Hospital from January 2018 to December 2019. Descriptive statistics, survival 
analysis, and multivariate Cox regression analysis were used to analyze the impact of patient-centered care services on treatment adherence. 
Data collection included patients’ demographic characteristics, clinical data, treatment outcomes, and reasons for loss to follow-up.
Results: A total of 429 patients were included in the final analysis, with 166 in the standard-of-care group and 263 in the patient- 
centered care services group. The treatment success rate in the patient-centered care services group (86.3%) was significantly higher 
than the standard of care group (59.0%), and the loss to follow-up rate was significantly lower (6.8% vs 30.1%). Multivariate analysis 
showed that patient-centered care services significantly reduced the risk of loss to follow-up (adjusted odds ratio of 0.14). The main 
reasons for the loss of follow-up included economic difficulties, lack of knowledge, and inadequate social support.
Conclusion: The patient-centered care services model significantly improved the treatment success rate and reduced the loss to 
follow-up rate for multidrug-resistant/rifampicin-resistant tuberculosis patients, demonstrating potential benefits in managing drug- 
resistant tuberculosis. Based on these findings, exploring and optimizing the patient-centered care services model in other high-burden 
areas is recommended to enhance overall treatment outcomes and quality of life for patients.
Keywords: multidrug-resistant tuberculosis, rifampicin-resistant tuberculosis, loss to follow-up, patient-centered care, survival 
analysis, treatment adherence

Introduction
Multidrug-resistant/rifampicin-resistant tuberculosis (MDR/RR-TB) is one of the major challenges in the field of global 
public health.1 According to the World Health Organization (WHO), approximately 480,000 people worldwide develop 
MDR-TB each year, with some cases progressing to extensively drug-resistant tuberculosis (XDR-TB).2,3 MDR/RR-TB 
not only has a long treatment duration and complex treatment regimens but also significantly increases treatment costs 
compared to regular tuberculosis, leading to a significant decrease in treatment adherence and completion rates among 
patients.4,5 China ranks third globally in the number of tuberculosis cases, accounting for approximately 8–9% of the 
global TB burden. Recent studies indicate that the primary mode of TB transmission in China is localized, with 23% of 
cases forming genomic clusters and 61.4% of MDR/RR-TB cases resulting from recent transmission of drug-resistant 
strains.6 In densely populated and economically underdeveloped areas, the treatment and management of MDR/RR-TB 
remain particularly challenging due to resource limitations and insufficient patient education.3,7,8
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The treatment strategy for drug-resistant tuberculosis has undergone several changes in the past few decades. 
Currently, the recommended treatment by the WHO includes the combined use of multiple anti-tuberculosis drugs for 
up to 20 months.2,9,10 However, even under optimal treatment conditions, the success rate is much lower than that for 
non-drug-resistant tuberculosis. Additionally, patient attrition during treatment (Lost to Follow-Up, LTFU) is common, 
leading to an increased risk of treatment failure and further spread of drug resistance.11–13 Thus, improving treatment 
adherence and reducing LTFU rates are crucial factors in enhancing treatment outcomes.

In Shaanxi Province, China, despite significant government resources being allocated to the fight against tuberculosis, 
the treatment of MDR/RR-TB still faces numerous challenges. Various factors contribute to this phenomenon, including 
economic burdens, inadequate social support, and improper management of drug side effects, all significantly affecting 
patient treatment adherence and outcomes.

Given the limitations of existing treatment management strategies in improving patient compliance and reducing 
LTFU, patient-centered care services (PCCS) have gradually gained attention globally. The PCCS model emphasizes 
providing personalized treatment plans and comprehensive psychosocial support to patients through interdisciplinary 
teamwork to enhance the overall treatment experience and outcomes.14,15

Research indicates that implementing PCCS can effectively improve patient treatment adherence and reduce the 
occurrence of treatment interruptions and LTFU. However, in China, especially in resource-constrained areas, the 
implementation and effects of PCCS have not been widely researched and validated.

The PCCS model, through multidisciplinary teamwork, provides more detailed and systematic support across key 
stages such as inpatient treatment, discharge preparation, community referrals, and follow-up. This personalized and 
comprehensive care approach significantly improves treatment success rates, reduces LTFU rates, and enhances patients’ 
treatment experiences and overall outcomes. This study aims to evaluate the impact of PCCS on treatment success rates 
and LTFU rates among MDR/RR-TB patients in Xi’an, China.

Graphical Abstract
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Materials and Methods
Ethical Approval and Informed Consent
This study complies with the ethical principles outlined in the Declaration of Helsinki, prioritizing the protection of 
participants’ rights and privacy. Ethical approval was obtained from the Xi’an Chest Hospital Ethics Committee in 
November 2022 (Reference No. S2022-0013). Written informed consent was exempted as it relied solely on electronic 
medical records with minimal risk to participants. Instead, verbal consent was obtained via phone or WeChat, ensuring 
ethical compliance. To protect privacy, the primary researcher assigned unique identifiers to participants and ensured they 
only had access to identifiable data.

Patient Population
We conducted a single-center observational retrospective analysis of all multidrug-resistant/rifampicin-resistant tubercu-
losis (MDR/RR-TB) patients treated at Xi’an Tuberculosis Control Hospital from January 1, 2018, to December 31, 
2019. Patients were excluded if they were under 15 years old, received only short-term treatment regimens (9–12 
months), had severe mental disorders or limited self-care abilities, or were transferred out of the area, preventing follow- 
up. Eligible patients were divided into the SoC cohort (patients receiving standard treatment in 2018) and the PCCS 
cohort (patients receiving PCCS intervention in 2019).

Data Collection and Definitions
We retrieved medical records of enrolled patients from the hospital’s electronic medical record system, including 
demographic information (age, gender, BMI, smoking history, education level, residence, marital status, occupation, 
medical payment method, and history of anti-tuberculosis treatment), clinical data (presence of diabetes mellitus, drug 
susceptibility test results, anti-tuberculosis drugs used, and adverse reactions), and treatment outcomes. MDR/RR-TB 
was confirmed using drug susceptibility testing (DST) results, which identified resistance to rifampicin and/or isoniazid. 
Patients diagnosed based on DST were included in the study. The research team utilized a double data entry system 
(REDCap) with error-checking functions to ensure data quality. Two independent data entry personnel entered the same 
dataset, with a third party performing final confirmation.

We implemented a systematic patient tracking process to minimize LTFU and data loss, using electronic case 
management and regular follow-ups via phone calls, SMS, and WeChat reminders. For patients unreachable by initial 
contact, alternative methods were used, with all attempts recorded. Treatment outcomes were classified based on WHO 
standards into cured, treatment completed, treatment failed, LTFU, and death. Treatment success was defined as the sum 
of patients cured or completing treatment. LTFU was defined as patients interrupting treatment for ≥2 months.16 Adverse 
events were graded using the Common Terminology Criteria for Adverse Events (CTCAE) version 5.0.17

Analysis of Reasons for Treatment Interruption
In order to understand the reasons for non-adherence to treatment among some of the enrolled patients (68 individuals), 
nurse counselors conducted telephone interviews with the patients to identify the primary reasons for their non-adherence 
and to assist them in resuming treatment. Among them, 17 patients could not be contacted, including 3 patients who had 
died after delaying treatment. Therefore, the investigators of this study, based on feedback from the physician in charge 
of pulmonary tuberculosis, nurse counselors, and family members of LTFU patients, as well as medical record reviews, 
conducted a comprehensive assessment to determine the main reasons leading to LTFU. The main reasons contributing to 
prolonged non-cure were categorized into five groups: limited knowledge, financial difficulties, lack of social and 
psychological support, complications, and others.

Data Analysis
Descriptive statistical analysis uses measures such as the mean, median, standard deviation (SD), quartiles, frequency, 
and percentages to describe continuous and categorical variables. Survival analysis employs the Kaplan-Meier (KM) 
method to assess the risks of treatment duration and treatment interruption, while the Cox proportional hazards model or 
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logistic regression is used to analyze the impact of PCCS on treatment adherence while controlling for potential 
confounding factors.

Conducting sensitivity analysis is essential to examine the robustness of the results by varying key parameters or 
assumptions to assess the extent of changes in the analytical outcomes.

Statistical Analysis
Data analysis was conducted using R statistical software version 3.3.2 (R Foundation) and Free Statistics software 
version 1.7. All statistical tests were two-tailed, and a P-value < 0.05 was considered statistically significant. Descriptive 
statistics were used to summarize the basic characteristics of patients and treatment outcomes. Continuous variables were 
expressed as mean, standard deviation (SD), median, and interquartile range (IQR) and analyzed using t-tests or Mann– 
Whitney U-tests based on data distribution. Categorical variables were presented as frequencies and percentages.

The Kaplan-Meier (KM) method was employed to analyze treatment duration and risk of discontinuation. The Cox 
proportional hazards model was applied to assess the association between PCCS and treatment adherence, with univariate 
analysis used to identify potential confounders and multivariate analysis to evaluate the independent impact of PCCS on 
LTFU. Subgroup analyses were conducted to explore differences among patient groups, and sensitivity analysis was 
performed to ensure the robustness of the results. Lastly, reasons for LTFU in both cohorts were analyzed to identify 
changes after PCCS implementation, providing insights for treatment improvement.

Results
Analysis of Demographic Characteristics and Treatment Plans of Selected Patients
From January 2018 to December 31, 2019, 450 MDR/RR-TB patients were diagnosed and started treatment at the tuberculosis 
care hospital. Of these, 21 patients were excluded based on exclusion criteria, and 429 patients were included in the study, 
including 166 patients in the SoC cohort and 263 patients in the PCCS cohort. Please refer to Figure 1.

The average median age in the SoC cohort was 35.0 years (Q1: 27.0, Q3: 51.0); among the 166 patients in the SoC 
cohort, 123 (74.1%) were male; 23 (13.9%) had comorbid diabetes; 84 (50.6%) were retreatment cases; 133 (80.1%) 
were on a fluoroquinolone-based treatment regimen, and 30 (18.1%) were on a linezolid-based treatment regimen. The 
average median age in the PCCS cohort was also 35.0 years (Q1: 29.5, Q3: 51.5); among the 263 patients in the PCCS 

Figure 1 Flowchart of Patient Selection for Data Analysis.

https://doi.org/10.2147/IDR.S484268                                                                                                                                                                                                                                                                                                                                                                                                                                                                Infection and Drug Resistance 2025:18 1428

Luo et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



cohort, 169 (64.3%) were male; 44 patients (16.7%) had comorbid diabetes; 211 patients (80.2%) were on 
a fluoroquinolone-based treatment regimen, and 96 patients (36.5%) were on a linezolid-based treatment regimen. 
Thirteen cases in both groups had not undergone fluoroquinolone resistance testing. A comparison of the two groups 
is provided in Table 1.

The study results showed differences in demographic characteristics and clinical configurations between the two 
groups of patients, particularly in the choice of drug treatment regimens. Most patients adopted fluoroquinolone-based 
treatment regimens, with other alternative drugs being chosen only in cases of fluoroquinolone resistance. Importantly, 

Table 1 Patient Characteristics of the SoC and PCCS Cohorts

Characteristics SoC PCCS Total P Test Statistic

(n = 166) (n = 263) (n = 429)

Gender, n (%) 0.033 4.531
Male 123 (74.1) 169 (64.3) 292 (68.1)

Female 43 (25.9) 94 (35.7) 137 (31.9)
Age, n (%) 0.154 3.738

15~30 56 (33.7) 66 (25.1) 122 (28.4)

31~50 66 (39.8) 119 (45.2) 185 (43.1)
>50 44 (26.5) 78 (29.7) 122 (28.4)

BMI, kg/m2, n (%) 0.147 3.833
<18.5 54 (32.5) 63 (24) 117 (27.3)
18.5–23.9 90 (54.2) 163 (62) 253 (59.0)

≥24 22 (13.3) 37 (14.1) 59 (13.8)
Smoker, n (%) < 0.001 14.538

No 81 (48.8) 177 (67.3) 258 (60.1)

Yes 85 (51.2) 86 (32.7) 171 (39.9)
Level of education, n (%) 0.019 7.907

Primary education 8 (4.8) 24 (9.1) 32 (7.5)

Secondary education 98 (59) 174 (66.2) 272 (63.4)
University or higher 60 (36.1) 65 (24.7) 125 (29.1)

Living address, n (%) 0.858 0.032
Xi’an City 81 (48.8) 126 (47.9) 207 (48.3)
Outside of Xi’an 85 (51.2) 137 (52.1) 222 (51.7)

Marital Status, n (%) < 0.001 23.102
Married 135 (81.3) 157 (59.7) 292 (68.1)
Unmarried 24 (14.5) 92 (35) 116 (27.0)

Divorced /widowed 7 (4.2) 14 (5.3) 21 (4.9)

Occupation, n (%) 0.005 12.986
Farmer 59 (35.5) 91 (34.6) 150 (35.0)

Employees/retired 65 (39.2) 138 (52.5) 203 (47.3)

Jobless 15 (9) 10 (3.8) 25 (5.8)
Student 27 (16.3) 24 (9.1) 51 (11.9)

Means of payment, n (%) 0.252 1.31
Out of pocket 25 (15.1) 51 (19.4) 76 (17.7)
Medical insurance 141 (84.9) 212 (80.6) 353 (82.3)

History of treatment, n (%) 0.395 0.724
New 82 (49.4) 141 (53.6) 223 (52.0)
Retreatment 84 (50.6) 122 (46.4) 206 (48.0)

A comorbidity of DM, n (%) 0.424 0.638
No 143 (86.1) 219 (83.3) 362 (84.4)
Yes 23 (13.9) 44 (16.7) 67 (15.6)

(Continued)
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the introduction of PCCS is associated with a differentiation in patient care management, including enhanced monitoring 
and customized treatment plans, which are crucial for meeting the complex needs of MDR/RR-TB patients. The analysis 
suggests that integrating patient-centered strategies into tuberculosis management protocols may significantly improve 
treatment adherence and outcomes, emphasizing the necessity of innovating care models in high-burden settings.

Treatment Outcomes of SoC and PCCS Groups
Among the 166 SoC patients, 98 (59.0%) achieved treatment success, 50 (30.1%) had LTFU, 2 (1.2%) deceased, and 16 
(9.6%) treatment failure . In the PCCS cohort of 263 patients, 227 (86.3%) achieved treatment success, 18 (6.8%) had 
LTFU, 6 (2.3%) deceased, and 12 (4.5%) treatment failure. Many patients in both cohorts were LTFU during the 
intensive care phase, with 31 patients (62.0%) in the SoC cohort and 10 patients (55.6%) in the PCCS cohort. The LTFU 
rate was 6.8% in the PCCS cohort, lower than the rate of 30.1% in the SoC cohort. KM analysis demonstrated 
a statistically significant difference in LTFU. The survival curves of patients in both groups are shown in Figure 2. 
These results highlight the potential benefits of PCCS in improving treatment success rates and reducing LTFU in MDR/ 
RR-TB patients.

Univariate Analysis of Risk Factors for LTFU and Conclusions
Univariate analysis indicates the following risk factors are significantly associated with LTFU: compared to the PCCS 
group, the SoC group has a significantly increased risk of LTFU; the LTFU risk for females is significantly lower than for 
males; patients aged 50 and above have a significantly higher risk of LTFU compared to those aged 15–30; smokers have 
a significantly higher risk of LTFU compared to non-smokers; patients with primary school education level or below 
have a significantly higher risk of LTFU compared to those with a university degree or higher; divorced or widowed 
patients have a significantly higher risk of LTFU compared to married patients; farmers or unemployed patients have 
a significantly higher risk of LTFU compared to employed or retired patients; patients paying for medical expenses out-of 

Table 1 (Continued). 

Characteristics SoC PCCS Total P Test Statistic

(n = 166) (n = 263) (n = 429)

Fluoroquinolones resistant, n (%) 0.874 0.025
No 125 (75.3) 211 (80.2) 336 (78.3)
Yes 29 (17.5) 51 (19.4) 80 (18.6)

Not tested 12 (7.2) 1 (0.4) 13 (3.0)

FQX-based regimens used, n (%) 0.978 0.001
No 33 (19.9) 52 (19.8) 85 (19.8)

Yes 133 (80.1) 211 (80.2) 344 (80.2)

LZD-based regimens used, n (%) < 0.001 16.663
No 136 (81.9) 167 (63.5) 303 (70.6)

Yes 30 (18.1) 96 (36.5) 126 (29.4)

Injectable-based regimen used, n (%) 0.05 3.855
No 12 (7.2) 35 (13.3) 47 (11.0)

Yes 154 (92.8) 228 (86.7) 382 (89.0)

ADRs experienced, n (%) 0.054 3.723
No 115 (69.3) 158 (60.1) 273 (63.6)

Yes 51 (30.7) 105 (39.9) 156 (36.4)

Severity of ADRs, n (%) 0.125 Fisher
No ADR experienced 115 (69.3) 158 (60.1) 273 (63.6)

Minor 24 (14.5) 56 (21.3) 80 (18.6)

Moderate 24 (14.5) 47 (17.9) 71 (16.6)
Severe 3 (1.8) 2 (0.8) 5 (1.2)
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-pocket have a significantly higher risk of LTFU compared to those using medical insurance; patients with a history of 
anti-tuberculosis treatment have a significantly higher risk of LTFU compared to newly diagnosed patients; patients with 
diabetes have a significantly higher risk of LTFU compared to those without diabetes as shown in Table 2. The results of 
univariate analysis show that several factors are significantly associated with LTFU. These factors include the type of 
group (SoC vs PCCS), gender, age, smoking habits, education level, marital status, occupation, payment method, history 

Figure 2 Survival Curves for the SoC and PCCS Groups.

Table 2 Univariate Cox Regression Analysis of LTFU

Item HR (95% CI) P (Wald’s Test)

Cohort
SoC 1.00 (Reference)

PCCS 0.19 (0.11,0.32) < 0.001
Gender

Male 1.00 (Reference)

Female 0.12 (0.04,0.32) < 0.001
Age

15~30 1.00 (Reference)

31~50 1.77 (0.9,3.45) 0.095
>50 2.41 (1.22,4.78) 0.012

(Continued)
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Table 2 (Continued). 

Item HR (95% CI) P (Wald’s Test)

BMI
<18.5 1.00 (Reference)
18.5–23.9 0.78 (0.46,1.32) 0.361

≥24 0.7 (0.31,1.57) 0.383

Smoker
No 1.00 (Reference)

Yes 3.73 (2.24,6.2) < 0.001

Level of education:
Primary education or lower 1.00 (Reference)

Secondary education 0.41 (0.22,0.76) 0.005

University or higher 0.08 (0.03,0.21) < 0.001
Living address

In Xi’an City 1.00 (Reference)

Outside of Xi’an 0.67 (0.42,1.09) 0.105
Marital status

Married 1.00 (Reference)

Unmarried 0.5 (0.25,0.99) 0.048
Divorced/widowed 4 (2.07,7.73) < 0.001

Occupation
Farmer 1.00 (Reference)

Employees/retired 0.29 (0.16,0.5) < 0.001

Jobless 0.66 (0.24,1.84) 0.426
Student 0.37 (0.16,0.88) 0.025

Means of payment
Out of pocket 1.00 (Reference)
Medical insurance 0.39 (0.23,0.64) < 0.001

History of treatment
New 1.00 (Reference)
Retreatment 2.72 (1.63,4.56) < 0.001

A comorbidity of DM
No 1.00 (Reference)
Yes 2.59 (1.54,4.37) < 0.001

FQX resistant
No 1.00 (Reference)
Yes 1.28 (0.73,2.24) 0.385

FQX-based regimen used
No 1.00 (Reference)
Yes 0.77 (0.44,1.35) 0.361

LZD-based regimen used
No 1.00 (Reference)
Yes 0.73 (0.42,1.28) 0.269

Injectable-based regimen used
No 1.00 (Reference)
Yes 1.29 (0.56,2.98) 0.554

ADRs experienced
No 1.00 (Reference)
Yes 0.69 (0.41,1.18) 0.174

Severity of ADRs
No ADR experienced 1.00 (Reference)
Minor 0.66 (0.33,1.3) 0.225

Moderate 0.68 (0.32,1.44) 0.312

Severe 2.29 (0.31,16.68) 0.413
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of anti-tuberculosis treatment, and comorbid diabetes. Specifically, the PCCS group has a significantly lower risk of 
LTFU than the SoC group, suggesting that PCCS may play an important role in reducing LTFU.

Patient Care Methods and Their Impact on Long-Term Treatment: A Multivariate 
Predictive Analysis
Multivariate Cox regression analysis indicated that patient care methods significantly impact long-term treatment out-
comes. Without adjusting for any confounding factors, the LTFU rate in the PCCS group was 0.19 times that of the SoC 
group. After adjusting for gender and age (Model 1), the LTFU rate in the PCCS group was 0.17 times that of the SoC 
group. Further adjustments for gender, age, treatment history, comorbidities, and adverse reactions (Model 2) also 
showed the PCCS group’s LTFU rate was 0.17 times that of the SoC group. Finally, after adjusting for all confounding 
factors, including gender, age, smoking status, education level, marital status, occupation, insurance, treatment history, 
comorbidities, and adverse reactions (Model 3), the LTFU rate in the PCCS group was 0.14 times that of the SoC group 
(Table 3). The multivariate analysis showed that PCCS (Patient-Centered Care and Support) significantly reduced the 
LTFU rate. Even after adjusting for various confounding factors, the LTFU rate in the PCCS group remained significantly 
lower than in the SoC group. It indicates that PCCS is crucial in reducing patient loss to follow-up.

Subgroup Analysis and Interaction Study on the Impact of PCCS on LTFU
We conducted a subgroup analysis of the LTFU rate in the PCCS group, considering factors such as gender, age, smoking 
history, diabetes comorbidity, tuberculosis treatment history, education level, marital status, occupation, payment method, 
and the severity of adverse drug reactions (ADRs). The results showed that only the payment method had a significant 
interaction with PCCS on LTFU (P < 0.001) (Table 4).

These findings indicate that the payment method significantly impacts the LTFU rate within the PCCS group. 
Specifically, self-paying patients benefited the most from the PCCS, with a significantly reduced LTFU rate. It may be 
because we provided more financial planning education and helped these patients seek additional family financial 
support, enhancing their confidence in treatment and improving treatment adherence.

The Critical Role of Financial Support in Reducing Loss to Follow-Up (LTFU): 
Advantages and Challenges of PCCS
We conducted a detailed analysis of the causes of LTFU. The results showed that in the SoC cohort, the top three factors 
leading to long-term LTFU were poor knowledge (31 cases, 62.0%), limited psychosocial support (11 cases, 22.0%), and 
financial difficulties (6 cases, 12.0%). In contrast, in the PCCS cohort, the primary factors for long-term LTFU were 
financial difficulties (8 cases, 44.4%), poor knowledge (7 cases, 38.9%), and comorbidities (2 cases, 11.1%) (Table 5).

Table 5 shows that the proportion of LTFU due to poor knowledge and limited psychosocial support was significantly 
lower in the PCCS cohort compared to the SoC cohort. It indicates that PCCS has achieved positive results in improving 
patient knowledge and providing psychosocial support. However, the proportion of financial difficulties in the PCCS 
cohort relatively increased (44.4%), although the absolute number of patients facing financial difficulties did not 
significantly change between the SoC and PCCS cohorts (6 cases vs 8 cases).

Table 3 Multivariate Cox Regression Analysis of PCCS Impaction on LTFU

Unadjusted model Model 2 Model 1 Model 3

HR adj.HR_95CI adj.HR_95CI adj.HR_95CI

SoC cohort 1(Ref) 1(Ref) 1(Ref) 1(Ref)
PCCScohort 0.19 (0.11~0.32) 0.17 (0.1~0.3) 0.17 (0.1~0.3) 0.14 (0.08~0.25)

Notes: Age and gender were adjusted in Model 1; gender, age, history of treatment, comorbidities and ADRs 
were adjusted in Model 2; gender, age, smoking, level of education, marital status, occupation, insurance, 
history of treatment, comorbidities and ADRs were adjusted in Model 3. 
Abbreviations: SoC, Standard of Care; PCCS, Patient-centered care and support; HR, hazard ratio; adj, 
adjusted; 95CI: 95% Confidence interval.
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Table 4 Subgroup Analysis of the Impact of PCCS on Patient LTFU

Subgroup Total (n) Event (%) HR (95% CI) P for Interaction

Overall 263 18 (6.8) Crude: 0.19 (0.11–0.32) 
Adjusted: 0.17 (0.1–0.3)

–

Gender 0.077

Male 169 18 (10.7) 0.22 (0.13–0.38)
Female 94 0 (0.0) 0 (0–Inf)

Age 0.219

15–30 66 4 (6.1) 0.42 (0.13–1.38)
31–50 119 6 (5.0) 0.11 (0.04–0.26)

>50 78 8 (10.3) 0.18 (0.08–0.42)
Smoker 0.122

No 177 5 (2.8) 0.12 (0.04–0.33)

Yes 86 13 (15.1) 0.30 (0.16–0.58)
Comorbidity DM 0.150

No 219 9 (4.1) 0.13 (0.06–0.26)

Yes 44 9 (20.5) 0.31 (0.13–0.76)
Treatment History 0.126

New 141 8 (5.7) 0.33 (0.14–0.80)

Retreatment 122 10 (8.2) 0.14 (0.07–0.27)
Education 0.376

Primary 24 6 (25.0) 0.15 (0.05–0.47)

Secondary 174 12 (6.9) 0.13 (0.07–0.25)
University/Higher 65 0 (0.0) 0 (0–Inf)

Marital Status 0.382

Married 157 9 (5.7) 0.17 (0.08–0.35)
Unmarried 92 4 (4.3) 0.15 (0.04–0.54)

Divorced/Widowed 14 5 (35.7) 0.41 (0.12–1.35)

Occupation 0.130
Farmer 91 14 (15.4) 0.26 (0.14–0.5)

Employees/Retired 138 3 (2.2) 0.08 (0.02–0.29)

Jobless 10 1 (10.0) 0.46 (0.05–4.46)
Student 24 0 (0.0) 0 (0–Inf)

Means of Payment <0.001

Out of Pocket 51 3 (5.9) 0.03 (0.01–0.09)
Medical Insurance 212 15 (7.1) 0.29 (0.16–0.53)

Severity of ADRs 0.063

No ADR 158 11 (7.0) 0.18 (0.09–0.35)
Minor 56 4 (7.1) 0.28 (0.08–0.98)

Moderate 47 2 (4.3) 0.10 (0.02–0.53)

Severe 2 1 (50.0) 2,617,367,659.95 (0–Inf)

Table 5 Analysis of Leading Causes for LTFU – SoC Vs PCCS

Reasons SoC Cohort(50 LTFUs) PCCS Cohort(18 LTFUs)

# patients % # patients %

Poor knowledge 31 62.0 7 38.9

Financial difficulties 6 12.0 8 44.4

Limited psychosocial support 11 22.0 1 5.6
Comorbidities 1 2.0 2 11.1

Others 1 2.0 0 0
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These findings suggest that PCCS is crucial in reducing LTFU caused by poor knowledge and limited psychosocial 
support, thereby decreasing the LTFU rate due to these factors. Nevertheless, financial difficulties remain a major reason 
for LTFU in the PCCS cohort. Therefore, to further reduce the LTFU rate, enhancing financial support for patients is 
essential. Financial assistance and resources can further improve patient adherence to treatment and outcomes.

Discussion
This study aimed to investigate the impact of PCCS on the treatment outcomes of patients with MDR/RR-TB at 
a tuberculosis treatment hospital in Xi’an, Shaanxi Province, China. By retrospectively analyzing treatment data from 
patients receiving PCCS and traditional SoC between 2018 and 2019, this study examined the effects of the two nursing 
models on improving treatment adherence, reducing LTFU, and increasing treatment success rates. The methods and 
findings of this study provide a comparison of a more optimal treatment strategy to traditional care and have significant 
clinical value.

This study showed significant differences in treatment success rates and LTFU rates between PCCS and SoC. The 
data showed that the treatment success rate in the PCCS group reached 86.3%, much higher than the SoC group at 
59.0%; additionally, the LTFU rate with PCCS was only 6.8% compared to 30.1% in the SoC group. These results align 
with other studies, such as Wang et al (2021), who also reported similar positive effects of PCCS on improving treatment 
success rates.18 However, compared to Li et al (2019), this study demonstrated a more significant effect in reducing 
LTFU rates, which may be attributed to the more systematic patient follow-up and support strategies implemented in this 
study.

After the implementation of PCCS, there was a significant improvement in patient treatment adherence. Multivariate 
Cox regression analysis demonstrated that compared to SoC, PCCS significantly reduced the risk of LTFU (adjusted 
hazard ratio of 0.14), indicating that PCCS can effectively enhance patients’ persistence with long-term treatment 
regimens. This is consistent with the findings of Zhang et al (2020), who found that a patient-centered care model 
significantly enhances patient compliance. However, this study further revealed the unique advantage of PCCS in 
reducing LTFU rates, possibly due to the personalized support and educational strategies adopted in this study.

The analysis indicated that the main reasons for LTFU included financial difficulties, limited knowledge, and 
inadequate social support. These findings are generally consistent with literature domestically and internationally, such 
as Zhao et al (2018), who also identified economic and educational factors as significant influencers on treatment 
adherence.19 Additionally, the study by Vyawahare et al (2023) further highlights the significant impact of economic 
hardship, low body mass index (BMI), nutritional status, and tobacco use on the occurrence of drug-resistant 
tuberculosis.20 In this study, although PCCS effectively reduced the LTFU rate, economic difficulties and lack of social 
support remained the main reasons for patients discontinuing treatment. WHO’s multicenter studies have also identified 
low-income levels and insufficient social support as critical factors contributing to MDR-TB treatment failure globally. 
Therefore, economic support and educational interventions can significantly improve treatment adherence. Future efforts 
should explore personalized care strategies tailored to different regions.

The specific socio-economic and cultural context of Xi’an City had a certain impact on the effectiveness of treatment 
and care models for MDR/RR-TB. Compared to studies in other regions, such as Liu et al (2022) in Beijing, the 
economic challenges and lack of social support faced by patients in this research area were more severe. This regional 
difference highlights the need for tailored nursing strategies to adapt to local characteristics and patient needs in diverse 
treatment environments.21–23

This study confirms the effectiveness of PCCS in improving the treatment success rate and reducing the LTFU rate for 
MDR/RR-TB. This finding has significant implications for clinical practice and provides a basis for promoting similar 
care models in high-burden areas in the future. However, the study has certain limitations. First, the retrospective design 
may introduce selection bias, affecting the generalizability of the results. Second, treatment information relied on 
electronic medical records and follow-up data, possibly subject to recall bias and incomplete data issues. These 
limitations could impact the analysis of certain variables, and the findings should be interpreted cautiously. 
Additionally, as the study sample was primarily limited to a single hospital in Xi’an, the applicability of the results 
requires further validation in broader regions and patient populations.
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Future research should consider employing prospective, multicenter designs and expanding the sample size to validate 
PCCS’s effectiveness and applicability. Exploring how to optimize PCCS strategies to meet local needs in different 
socioeconomic and cultural contexts will enhance its potential for widespread adoption. Furthermore, investigating the 
long-term impact of PCCS on patients’ quality of life will provide a more comprehensive understanding of its clinical 
and social significance.

Conclusion
This study demonstrates that implementing PCCS in a TB hospital in Xi’an, China, significantly improved treatment 
outcomes for MDR/RR-TB patients. Compared to traditional SoC, PCCS resulted in higher treatment success rates and 
significantly reduced LTFU. The findings indicate that PCCS effectively reduces LTFU and improves cure rates, 
optimizing the management of drug-resistant TB.

The scientific value of this study lies in providing a new approach to MDR-TB treatment. PCCS not only deepens the 
understanding of TB treatment strategies but also offers a practical solution to enhance adherence and success rates in 
clinical practice.
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