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Abstract
Background The high dropout rate among Methadone Maintenance Treatment (MMT) patients poses a significant 
challenge to drug dependence treatment programs, especially in regions with prevalent drug use and HIV 
transmission risks. This study aimed to analyze factors of dropout in MMT clinics over an 18-year period in Dehong 
Prefecture, Yunnan Province, China.

Methods A retrospective cohort study was conducted using data from China’s HIV/AIDS Comprehensive Response 
Information Management System (CRIMS). Participants included individuals who enrolled in MMT between June 2005 
and December 2023 and completed baseline surveys. Cox proportional hazards regression identified independent 
predictors, while decision tree modeling (CART algorithm) captured variable interactions. The decision tree employed 
Gini impurity minimization, a 70:30 training-test split, and pruning to prioritize factors like treatment duration and 
urine test results.

Results The study included 9,435 MMT participants, with a male-to-female ratio of 26:1 (9,086 males and 349 
females). The median duration of treatment was 12.2 months (ranging from 2.7 to 43.9 months), with a minimum 
of 1 day and a maximum of 217 months. From 2005 to 2023, the cumulative dropout rate among MMT patients 
in Dehong Prefecture reached 89.6% (8,458/9,435), with an incidence rate of 34.75 dropouts per 100 person-years 
over 24,354.98 person-years of follow-up. The Cox proportional hazards regression identified that participants with 
occupations as farmers (AHR = 1.52, 95% CI: 1.41–1.62) or positive urine test results (AHR = 2.47, 95% CI: 2.35–2.59) 
exhibited significantly higher dropout risks. Protective factors included enrollment age > 35 years (AHR = 0.86), being 
married (AHR = 0.81), higher education levels (AHR = 0.94), good family relationships (AHR = 0.30), and methadone 
doses > 60 ml/day (AHR = 0.60). The decision tree model prioritized treatment duration as the root node, followed 
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Introduction
Methadone Maintenance Treatment (MMT) is a glob-
ally recognized pharmacological intervention for opioid 
dependence, offering dual benefits in reducing illicit drug 
use and curbing HIV transmission among people who 
inject drugs (PWID) [1]. However, the efficacy of MMT 
program has been persistently undermined by high drop-
out rates, particularly in regions burdened by intersect-
ing epidemics of drug use and HIV/AIDS [2]. China’s 
Dehong Prefecture exemplifies such a high-risk setting, 
where the nation’s first HIV cluster among PWID was 
identified in 1989. Since then, Dehong Prefecture has 
become one of the regions most severely affected by HIV/
AIDS across China [3]. Due to its geographical location 
along the drug trafficking routes of the “Golden Triangle,” 
Dehong Prefecture has faced ongoing drug-related issues, 
with the widespread prevalence of drug use significantly 
elevating the risk of HIV transmission. To mitigate these 
risks, MMT was introduced in Dehong in 2005 to reduce 
opioid dependency among drug users and decrease HIV 
high-risk behaviors [4]. However, despite its intended 
benefits, the MMT dropout remain a critical challenge 
[5].

MMT dropout refers to the premature discontinua-
tion of methadone treatment before achieving long-term 
therapeutic benefits. It is typically defined as failure to 
attend MMT clinics for a specified period (e.g., seven 
days of consecutive absence) without formal program 
completion or transition to alternative treatment [6]. 
The consequences of MMT dropout are severe, includ-
ing relapse into illicit drug use, severe withdrawal symp-
toms, increased risks of HIV and HCV transmission, and 
higher mortality rates. Patients who discontinue MMT 
are at high risk of returning to heroin or other opioid use 
[7]. Abrupt cessation of methadone can lead to severe 
withdrawal symptoms, increasing psychological distress 
and the likelihood of relapse [8]. Dropped-out individuals 
often resume injecting drug use, leading to a higher risk 
of HIV and hepatitis C virus (HCV) infections [9]. Stud-
ies have also shown that opioid users who leave MMT 

prematurely have significantly higher risks of overdose-
related deaths [10].

Globally, MMT retention rates vary widely. Most stud-
ies indicate that the 6-month dropout rate is approxi-
mately 30–50%, while the dropout rate for treatment 
exceeding one year can reach 50–70% [11]. High-income 
countries, such as the United States and Canada, exhibit 
relatively lower dropout rates (around 30–40%), which 
are attributed to well-established social support systems 
and long-term treatment policies [12]. In contrast, low- 
and middle-income countries, including Iran and several 
Southeast Asian countries, experience higher dropout 
rates (50–70%) due to limited healthcare resources and 
social stigma [13]. China initiated its national MMT pro-
gram in 2004, and by 2022, it had expanded to approxi-
mately 650 clinics, providing treatment to nearly 500,000 
individuals. However, the one-year retention rate remains 
at only 40–55% [14]. The western regions, such as Yun-
nan and Guangxi, report higher dropout rates (approxi-
mately 60%), largely due to severe drug epidemics and a 
high prevalence of mobile populations [15]. In contrast, 
eastern metropolitan areas such as Shanghai and Beijing 
demonstrate lower dropout rates (around 40%), which 
can be attributed to greater healthcare accessibility and 
stronger social support networks [16]. Several chal-
lenges contribute to poor compliance and high dropout 
rates, including socioeconomic factors, methadone dose, 
treatment accessibility, and stigma associated with drug 
dependence [7]. Socioeconomic and demographic fac-
tors such as younger age, male gender, unstable employ-
ment, and lower education levels increase the likelihood 
of dropout [10]. Treatment-related factors, including 
insufficient methadone dosage, side effects, and fear of 
methadone dependence, further deter long-term adher-
ence [8]. Structural and policy barriers such as long travel 
distances to MMT clinics, stigma, legal concerns, and 
limited psychosocial support services contribute to treat-
ment discontinuation [17, 18].

While prior studies have identified the above predic-
tors, critical knowledge gaps persist. First, longitudinal 

by urine test results, family relationships, education level, and methadone dosage. Patients with ≤ 12 months of 
treatment and positive urine tests faced the highest dropout probability (98.9%), while those with > 12 months of 
treatment but poor family relationships and doses ≤ 60 ml showed intermediate risks (82.3%).

Conclusion Between 2005 and 2023, the dropout rate among MMT patients in Dehong Prefecture was relatively 
high, driven by modifiable factors (low methadone doses, positive urine tests) and contextual hierarchies (early-
phase treatment duration). By integrating Cox regression and decision trees, we advance both epidemiological 
risk assessment and precision intervention design. Policymakers should prioritize dose optimization and targeted 
monitoring for high-risk subgroups (e.g., patients ≤ 12 months with concurrent drug use) to improve retention in 
resource-limited settings.
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analyses spanning MMT’s full implementation timeline 
(2005–2023) in hyperendemic regions like Dehong are 
lacking, obscuring temporal trends and evolving barri-
ers. Second, existing research predominantly relies on 
single-model statistical approaches (e.g., Cox regression), 
neglecting interactive effects between predictors—a limi-
tation compounded by the absence of machine learn-
ing applications in this context. Third, region-specific 
determinants, including cross-border drug trade dynam-
ics and culturally rooted stigma, remain underexplored 
despite their profound influence on treatment adherence 
in Dehong.

This study fills these gaps through a dual analyti-
cal framework, utilizing 18 years of programmatic data 
(2005–2023) from China’s HIV/AIDS Comprehensive 
Response Information Management System (CRIMS) to 
examine MMT dropout among 9,435 MMT patients in 
Dehong Prefecture. To address the multifactorial nature 
of MMT dropout, this study integrates decision tree 
modeling with Cox regression—a dual approach designed 
to capture both independent predictors and contextual 
risk hierarchies. Cox regression quantifies isolated effects 
of variables like methadone dosage and sociodemo-
graphic factors, while decision trees reveal interactions 
among risk factors that drive discontinuation in specific 
subgroups. This dual-model approach enhances method-
ological rigor, strengthens the robustness of our findings, 
and improves predictive accuracy for tailored risk strati-
fication [19]. By identifying both independent and syner-
gistic risk factors, our findings support the development 
of personalized interventions to improve MMT reten-
tion, particularly in resource-limited settings.

Materials and methods
Study design and data sources
This retrospective cohort study included MMT patients 
who enrolled in treatment at MMT clinics in Dehong 
Prefecture, Yunnan Province, China, from 2005 to 2023. 
Data were retrieved from China’s HIV/AIDS Compre-
hensive Response Information Management System 
(CRIMS). This module provides data on MMT patients’ 
sociodemographic information, drug use history, and 
treatment-related information. CRIMS is a unified, real-
time, web-based national HIV/AIDS information system 
launched in 2004 by the National Center for AIDS/STD 
Control and Prevention (NCAIDS) at the Chinese Cen-
ters for Disease Control and Prevention (China CDC) 
[20].

Participants
MMT patients who enrolled in treatment in Dehong 
Prefecture and from June 1, 2005, to December 31, 2023, 
were included. All admitted patients met the enrollment 
criteria for MMT as outlined in “Community-Based 

Methadone Maintenance Treatment Protocol for Drug 
Dependence in China” [5]. The inclusion criteria were: 
(a) age ≥ 15 years at enrollment and (b) completion of 
baseline surveys upon enrollment. Participants who were 
enrolled after December 31, 2023, or with incomplete or 
unclear data records, were excluded. Waiver of informed 
consent was granted because this analysis used existing 
data collected during the course of routine surveillance 
under the Infectious Diseases Act in China. This study 
was approved by the Institutional Review Board of the 
National Center for AIDS/STD Control and Preven-
tion, Chinese Center for Disease Control and Prevention 
(X230222728). The data obtained complied with relevant 
data protection and privacy regulations and individual 
identifiers were removed.

Study variables
In this study, the response variable was defined as the 
treatment dropout event (event status: dropout = 1, no 
dropout = 0) and its corresponding survival time (the 
time from the start of treatment to dropout or the end 
of follow-up, with the unit being years). The predictor 
variables included: (1) demographic characteristics (gen-
der, age, ethnicity, occupation, marital status and educa-
tional level); (2) treatment-related factors (average daily 
methadone dose, most recent urine test result); and (3) 
Behavioral and psychosocial variables (history of drug 
injection, perceived relationship with family).

According to the Community-Based Methadone Main-
tenance Treatment Protocol for Drug Dependence in 
China [6], individuals who fail to participate in main-
tenance treatment for seven consecutive days or more 
without a valid reason are considered to have dropped 
out. In this study, (1) Number of active MMT patients: 
defined as individuals who received methadone treat-
ment at MMT clinics in December of each year; (2) 
Average number of active MMT patients: calculated 
as the total number of individuals receiving methadone 
treatment at MMT clinics in December of each year 
divided by the number of active MMT clinics that year; 
(3) Dropout: failure to participate in maintenance treat-
ment for seven consecutive days or more before Decem-
ber 31, 2023. The starting point of the study was the 
date when patients received their first treatment at local 
MMT clinic upon initial enrollment in 2005, and the end-
point was December 31, 2023. If a participant dropped 
out and later re-enrolled, only their treatment data of the 
initial enrollment were included in the analysis; (4) Cen-
sored event: participants who had not dropped out at 
the end of follow-up, including those who died, were lost 
to follow-up, or remained in treatment without dropout.
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Statistical analysis
For the baseline characteristics of MMT patients, the 
Shapiro-Wilk test indicated that continuous variables 
such as age, treatment duration, and average daily dose 
did not follow a normal distribution. Therefore, they are 
presented as medians with interquartile ranges (IQR), 
while categorical variables are expressed as frequencies 
and proportions. Pearson χ2 tests were used to compare 
categorical variables. The number of days in MMT clin-
ics from first admission until the patient quit treatment 
or until the end of follow-up (18 years) was taken for cal-
culating cumulative retention in treatment using survival 
analyses with log-rank. Kaplan-Meier (K-M) curves were 
plotted using GraphPad Prism 10.1.2. All analyses were 
performed using SPSS (version 24, IBM Inc., Armonk, 
NY, USA). Hypothesis testing was two-sided, with an 
alpha level of 0.05 indicating statistical significance. The 
analysis employed two complementary methodologies. 
Cox regression provides precise risk estimates and sta-
tistical significance for each factor, and decision trees 
effectively capture interactions and identify key predic-
tors. We combine the two approaches to enhance model 
robustness and informs targeted intervention strategies 
for improving MMT retention. Model performance was 
assessed using receiver operating characteristic (ROC) 
curves, generated with MedCalc 23.0.2 software, and 
DeLong’s test was conducted to compare predictive 
accuracy between the decision tree and Cox regression 
models.

Cox proportional hazards regression
It is a semi-parametric model which assessed the asso-
ciation between predictors and time-to-dropout, accom-
modating right-censored data (e.g., patients remaining 
in treatment at follow-up end). Variables were selected 
through a two-step process, and in Univariate analysis, 
all covariates with p < 0.20 in log-rank tests were retained; 
and for multivariate analysis, backward elimination (like-
lihood ratio test, p < 0.05) identified independent predic-
tors, adjusting for age and sex as relevant confounders 
[21]. Hazard ratios (HRs) with 95% confidence intervals 
quantified effect sizes.

Decision tree modeling
It is a non-parametric approach that predicts outcomes 
by recursively partitioning data based on predictor vari-
ables. It selects the most informative variables at each 
split, optimizing homogeneity in the resulting subgroups. 
In this study, the Classification and Regression Tree 
(CART) algorithm was applied to analyze MMT drop-
out risk, using a 70% training set for model construction 
and a 30% test set for validation. The key steps included: 
(1) Splitting Criterion: The model employed Gini impu-
rity minimization to identify optimal thresholds for 

partitioning (e.g., treatment duration ≤ 12 months), 
ensuring homogeneity within each node. (2) Variable 
Importance: Predictors were ranked based on their fre-
quency and depth of splits in the tree, with higher-ranked 
variables contributing more to classification. (3) Pruning 
and Validation: To prevent overfitting, cross-validation 
was performed, retaining only nodes that enhanced pre-
dictive accuracy.

Results
Changes in the number of active MMT patients in Dehong 
Prefecture from 2005 to 2023
From 2005 to 2023, the total number of active MMT 
patients increased from 253 in 2005 to a peak of 2679 in 
2013, representing a significant growth over eight years. 
After 2013, the total number of active MMT patients 
began to decline, reaching 853 by the end of 2023. The 
average number of patients per clinic rose from 11 in 
2005 to a peak of 237 in 2007, then gradually declined 
each year, reaching 25 by 2023. This trend showed a shift 
from high average patient numbers per clinic to a more 
dispersed distribution as the MMT program expanded 
and more clinics were established (Fig. 1).

Comparison of dropout in MMT patients with different 
characteristics
A total of 9,435 participants were included in this study. 
From 2005 to 2023, the cumulative dropout rate among 
MMT patients in Dehong Prefecture reached 89.6% 
(8,458/9,435), with an incidence rate of 34.75 drop-
outs per 100 person-years over 24,354.98 person-years 
of follow-up. The median age at enrollment was 35.11 
years (IQR: 28.90–42.71), with men accounting for 96.3% 
(9,086/9,435) and Han ethnicity for 37.6% (3,547/9,435). 
The majority were farmers (71.5%, 6,706/9,374), and 
58.7% (5,540/9,435) were married. Educational level 
was primarily elementary school or below, accounting 
for 52.9% (4,994/9,435). Among the participants, 32.7% 
(3,089/9,435) had injected drugs, 35.5% (3,275/9,229) 
had a positive result on their most recent urine test, and 
57.8% (5,056/8,741) reported having an average relation-
ship with their family. The median average daily dose was 
46.53  ml (31.22–65.19), with 70.0% (6,607/9,435) tak-
ing a daily dose of ≤ 60 ml. The χ2 test compared drop-
out rates in MMT patients across different characteristic 
and significant factors associated with higher dropout 
rates included being male, younger than 35, of Han eth-
nicity, a farmer or unemployed, single or divorced/wid-
owed, with lower education, a positive urine test result, 
poorer family relationships, shorter treatment dura-
tion (≤ 12 months), and an average daily dose of ≤ 60 ml 
(see Table  1). The median retention duration was 12.23 
years (IQR: 2.67, 43.93). The cumulative dropout rate at 
1, 5, 10 and 15 years were 45.5%,77.1%,90.0% and 94.7%, 
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respectively. Figure  2 depicts the cumulative retention 
rates for study sample. Cumulative retention in treatment 
decreased over time and over 50% of patients dropped 
out of treatment in the first 20 months. Kaplan-Meier 
curves were generated comparing dropout trends across 
groups based on age groups, average daily dose and most 
recent urine test result (see Fig. 2).

Risk factors of dropout in MMT program
Cox proportional hazards regression analysis
As of December 31, 2023, there were 977 censored cases, 
including 19 deaths, 0 lost to follow-up, and 958 who 
remained in treatment without dropout. The median 
treatment duration was 12.23 (2.67–43.93) months. 
Using treatment duration (months) as the time variable 
and dropout status (No = 0, Yes = 1) as the dependent 
variable, a univariate analysis was conducted using the 
Cox regression model. The analysis indicated that drop-
out rates varied significantly by gender, ethnicity, occu-
pation, marital status, education level, history of drug 
injection, perceived relationship with family, average 
daily dose, age at enrollment, and most recent urine test 
result. The factors with statistical significance in the uni-
variate analysis were then included in a multivariate Cox 
regression model. The results showed that patients with 
the occupation of farmer (HR = 1.52, 95% CI: 1.41–1.62) 
or other occupations (HR = 1.50, 95% CI: 1.36–1.64), 
and those with a positive result in the most recent urine 
test (HR = 2.47, 95% CI: 2.35–2.59) had a higher risk of 
dropout. In contrast, being married (HR = 0.81, 95% CI: 
0.76–0.85), having an education level of middle school or 
above (HR = 0.94, 95% CI: 0.89–0.99), perceiving a good 
(HR = 0.30, 95% CI: 0.28–0.33) or average (HR = 0.35, 95% 
CI: 0.32–0.38) relationship with family, an average daily 

dose > 60 ml (HR = 0.60, 95% CI: 0.57–0.64), and age over 
35 at enrollment (HR = 0.86, 95% CI: 0.82–0.90) were 
associated with a lower risk of dropout (see Table 2).

Decision tree modelling analysis of factors influencing 
dropout
A decision tree model was constructed with dropout 
status as the dependent variable. Five statistically signifi-
cant variables were included in the decision tree model: 
treatment duration, most recent urine test result, per-
ceived family relationship, education level, and average 
daily dose. The first split in the decision tree was based 
on treatment duration, with those receiving treatment 
for ≤ 12 months having a higher probability of dropout. 
For those with treatment duration > 12 months, a posi-
tive urine test result further increased the dropout likeli-
hood. If the urine test result was negative, dropout risk 
increased for participants with average or poor family 
relationships, elementary or lower education, and a daily 
methadone dose ≤ 60 ml (see Fig. 3).

Comparison of the decision tree model and cox regression 
model
The ROC curves were plotted to compare the predictive 
performance of the Cox proportional hazards regres-
sion model and the decision tree model for MMT drop-
out factors. As shown in Fig. 4, the area under the ROC 
curve (AUC) for the decision tree model was 0.84 (95% 
CI: 0.83–0.85), with a sensitivity of 67.31% and specificity 
of 97.03%, indicating strong predictive accuracy. In con-
trast, the Cox proportional hazards model had an AUC 
of 0.77 (95% CI: 0.77–0.78), with a sensitivity of 63.10% 
and specificity of 81.13%. The decision tree model dem-
onstrated higher overall predictive power, as reflected 

Fig. 1 Trends in average and total number of active MMT patients in Dehong Prefecture 2005 to 2023 in from Dehong Prefecture, Yunnan Province, 
2005–2023
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in a higher AUC and specificity, making it a more effec-
tive model for predicting dropout in MMT patients. The 
Youden index also favored the decision tree model (0.64) 
over the Cox model (0.44), further supporting its supe-
rior performance in distinguishing between dropout and 
retention groups (see Table 3).

Discussion
This study provides critical insights into the multifacto-
rial determinants of high dropout rates in MMT pro-
grams within Dehong Prefecture, a region emblematic 
of China’s long-standing challenges in combating opioid 

dependence and HIV transmission. Although the MMT 
program has been implemented in Dehong since 2005, 
our study is the first to comprehensively report the lon-
gitudinal factors of dropout of individuals who attend the 
MMT clinics for treatment from 2005 to 2023. We found 
that the number of active MMT patients in Dehong 
Prefecture declined annually since 2013, a trend that 
was consistent with the national pattern [22]. The con-
tinuous decrease in the number of active MMT patients 
after 2013 may have been related to intensified anti-drug 
efforts, the impact of the COVID-19 pandemic, and con-
cerns about identity exposure. The dropout rate among 

Table 1 Comparison of dropout in MMT patients with different characteristics (n = 9435)
Variables Total (N = 9435) Retention (n = 977) Dropout (n = 8458) χ2 P-value
Sex 21.436 <0.001
 Male 9086(96.3%) 915(93.7%) 8171(96.6%)
 Female 349(3.7%%) 62(6.3%) 287(3.4%)
Age at enrollment (years) 70.083 <0.001
 Median (IQR) 35.11 (28.90, 42.71) 38.62 (31.62,47.84) 34.76 (28.68,42.13)
  ≤35 5075(53.8%) 402(41.1%) 4673(55.2%)
  >35 4360(46.2%) 575(58.9%) 3785(44.8%)
Ethnicity 19.136 <0.001
 Han 3547(37.6%) 430(44%) 3117(36.9%)
 Other 5888(62.4%) 547(56%) 5341(63.1%)
Occupation * 10.074 <0.001
 Farmer 1796(19.2%) 664(68.0%) 6042(72.0%)
 Others 6706(71.5%) 89(9.1%) 783(9.3%)
 Unemployed 872(9.3%) 224(22.9%) 1572(18.7%)
Marital status 27.669 <0.001
 Single 2781(29.5%) 217(22.2%) 2564(30.3%)
 Married 5540(58.7%) 633(64.8%) 4907(58%)
 Divorced or widowed 1114(11.8%) 127(13%) 987(11.7%)
Education level 14.439 <0.001
 Elementary or below 4994(52.9%) 461(47.2%) 4533(53.6%)
 Middle school or above 4441(47.1%) 516(52.8%) 3925(46.4%)
History of drug injection 1.306 0.253
 Yes 3089(32.7%) 304(31.1%) 2785(32.9%)
 No 6346(67.3%) 673(68.9%) 5673(67.1%)
Most recent urine test result * 570.226 <0.001
 Positive 3275(35.5%) 9(0.9%) 3266(39.6%)
 Negative 5954(64.5%) 968(99.1%) 4986(60.4%)
Perceived relationship with family * 185.073 <0.001
 Good 3030(34.7%) 508(52.1%) 2522(32.5%)
 Average 5056(57.8%) 460(47.2%) 4596(59.2%)
 Poor 655(7.5%) 7(0.7%) 648(8.3%)
Treatment duration (months) 1008.788 <0.001
 Median (IQR) 12.23 (2.67, 43.93) 90.53 (55.60,138.10) 9.23 (2.20,31.28)
  ≤12 4751(50.4%) 22(2.3%) 4729(55.9%)
  >12 4684(49.6%) 955(97.7%) 3729(44.1%)
Average daily dose (ml) 96.454 <0.001
 Median (IQR) 46.53 (31.22,65.19) 55.75 (39.59,77.67) 45.50 (30.33, 63.64)
  ≤60 6607(70.0%) 551(56.4%) 6056(71.6%)
  >60 2828(30.0%) 426(43.6%) 2402(28.4%)
Asterisk indicates missing values
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MMT patients in Dehong Prefecture was 89.6%, higher 
than that in Hubei Province (86.75%) [21], Hangzhou 
(65.71%) [10], and Yunnan Province as a whole (61.0%) 
[23], indicating that the high dropout rate remained a 
significant challenge for MMT programs in Dehong. We 
identified both traditional and modifiable risk factors 
while demonstrating the methodological synergy of com-
bining Cox proportional hazards regression with decision 
tree modeling. Key findings indicate that low methadone 
dosage, positive urine tests, poor family relationships, 
farmers, and younger age were significant predictors of 
MMT dropout, as identified by the Cox model, while the 
decision tree model further prioritized treatment dura-
tion as the primary determinant, revealing that early-
phase patients (≤ 12 months) with concurrent drug use 
faced the highest dropout risk.

A positive urine test was a strong predictor of drop-
out, indicating ongoing drug use and poor adherence 
to MMT. Previous studies confirm that continued illicit 
drug use during MMT correlates with higher dropout 
rates due to persistent cravings and external influences 
[24, 25]. Research from Iran also linked abstinence to 

improved retention [26]. Given this, urine test results 
could serve as an early warning signal, warranting inten-
sified interventions such as behavioral counseling and 
contingency management [26]. Patients receiving low 
methadone doses (≤ 60  ml/day) were at significantly 
higher risk of dropout, reinforcing the importance of 
adequate dosing for treatment retention. Studies in China 
and U.S. show that higher doses correlate with prolonged 
retention and reduced relapse rates [27, 28]. Similarly, 
research in Vietnam found that inadequate methadone 
dosage contributed to early treatment discontinuation 
[29]. Insufficient methadone may fail to suppress with-
drawal symptoms, increasing dropout likelihood. These 
findings highlight the necessity of individualized dose 
adjustments to optimize adherence [30]. Higher educa-
tion levels were linked to greater MMT retention, likely 
due to increased health literacy and awareness of treat-
ment benefits. Patients with at least middle school edu-
cation had lower dropout rates, consistent with studies 
showing that educational attainment improves under-
standing of MMT protocols and reduces misconceptions 
[31]. However, in resource-limited settings, education 

Fig. 2 a K-M curve of cumulative retention rate in study samples. b The cumulative dropout rate for MMT patients with different age groups. c The 
cumulative dropout rate for MMT patients with different methadone doses. d The cumulative dropout rate for patients with different urine test results
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alone may not be enough—strong social support systems 
are essential for maximizing adherence [32]. Poor family 
relationships were associated with the highest dropout 
rates, whereas strong family support improved retention. 
Prior studies confirm that family engagement enhances 
motivation and reduces stigma, promoting adherence 
[33]. Research in Beijing found that family involvement 
significantly increased one-year retention rates, high-
lighting the role of social reinforcement [34]. Patients 
over 35 years old had lower dropout rates, aligning with 
research showing that older individuals are more treat-
ment-motivated due to accumulated health concerns and 
life stability [31]. Farmers had a higher risk of dropout, 
likely due to seasonal labor, long hours, and geographic 
mobility, disrupting consistent clinic visits. While the 
Cox model identified occupation as an independent 
predictor, the decision tree model did not prioritize it, 

suggesting that occupation’s impact depends on interac-
tions with other factors, such as financial constraints and 
clinic accessibility [35].

This study demonstrates the complementary strengths 
of Cox regression and decision tree models in analyzing 
MMT dropout. Cox regression identified low methadone 
dosage, positive urine tests, poor family relationships, 
occupation as a farmer, and younger age as indepen-
dent predictors, providing population-level insights by 
quantifying their effects through hazard ratios. In con-
trast, the decision tree model prioritized treatment dura-
tion, revealing that early-phase patients (≤ 12 months) 
with positive urine tests faced the highest dropout risk 
(98.9%), emphasizing context-dependent interactions. 
While Cox regression determines the independent con-
tribution of each variable, the decision tree model cap-
tures hierarchical relationships and complex interactions, 

Table 2 Univariate and multivariate analysis using Cox proportional hazards regression model (n = 9435)
Variables Dropout Univariate analysis Multivariate analysis

N % HR (95%CI) P value HR (95%CI) P value
Sex
 Male 8171 89.9 1.00 1.00
 Female 287 82.2 0.84 (0.744 ~ 0.94) 0.003 0.88 (0.774 ~ 1.00) 0.050
Age at enrollment (years)
 ≤35 4673 92.1 1.00 1.000
 >35 3785 86.8 0.87(0.83 ~ 0.91) < 0.001 0.86(0.82 ~ 0.90) < 0.001
Ethnicity
 Han 3117 87.9 1.00 1.00
 Others 5341 90.7 1.15 (1.10 ~ 1.20) < 0.001 1.05 (1.00 ~ 1.11) 0.050
Occupation *
 Unemployed 1572 87.5 1.00 1.00
 Farmer 6042 90.1 1.40 (1.33 ~ 1.49) < 0.001 1.52 (1.41 ~ 1.62) < 0.001
 Others 783 89.8 1.39 (1.28 ~ 1.52) < 0.001 1.50 (1.36 ~ 1.64) < 0.001
Marital status
 Single 2564 92.2 1.00 1.00
 Married 4907 88.6 0.87(0.83 ~ 0.91) < 0.001 0.81(0.76 ~ 0.85) < 0.001
 Divorced or widowed 987 88.6 0.93(0.86 ~ 0.96) 0.037 0.93(0.85 ~ 1.01) 0.062
Education level
 Elementary or below 4533 90.8 1.00 1.00
 Middle school or above 3925 88.4 0.87(0.83 ~ 0.90) < 0.001 0.94(0.89 ~ 0.99) 0.026
History of drug injection
 No 5673 89.4 1.00 1.00
 Yes 2785 90.2 0.89 (0.85 ~ 0.93) < 0.001 0.99 (0.94 ~ 1.04) 0.616
Perceived relationship with family *
 Poor 648 98.9 1.00 1.00
 Good 2522 83.2 0.256 (0.23 ~ 0.28) < 0.001 0.30(0.28 ~ 0.33) < 0.001
 Average 4596 90.9 0.31 (0.28 ~ 0.33) < 0.001 0.35 (0.32 ~ 0.38) < 0.001
Average daily dose (ml)
 ≤ 60 6056 91.7 1.00 1.00
 >60 2402 84.9 0.59(0.56 ~ 0.61) < 0.001 0.60(0.57 ~ 0.64) < 0.001
Most recent urine test result *
 Negative 4986 83.7 1.00 1.00
 Positive 3266 99.7 2.59(2.47 ~ 2.71) < 0.001 2.47(2.35 ~ 2.59) < 0.001
Asterisk indicates missing values
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Fig. 3 Decision tree model analysis of factors influencing dropout in MMT
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Table 3 Comparison of the classification effects of the Cox regression and decision tree models
Model AUC 95%CI SE P-value Sensitivity Specificity Youden index
Decision tree 0.84 0.83～0.85 0.01 <0.001 67.31 97.03 0.64
Cox regression 0.77 0.77～0.78 0.01 <0.001 63.10 81.13 0.44

Fig. 4 ROC curves for the cox regression and decision tree models
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offering higher predictive accuracy (AUC = 0.84 vs. 0.77) 
and better classification of high-risk subgroups. Notably, 
occupation and age were significant in the Cox model 
but not in the decision tree, suggesting they influence 
overall dropout trends rather than direct individual risk. 
These findings support a dual intervention approach: 
Cox-informed strategies (e.g., dose optimization, fam-
ily engagement) for broad retention efforts and decision 
tree-driven interventions (e.g., intensive monitoring for 
high-risk early-phase patients) for targeted prevention. 
By integrating both models, this study provides a com-
prehensive and precise framework for improving MMT 
retention strategies, balancing generalized risk assess-
ment with personalized intervention planning.

This study has limitations. First, the research subjects 
are limited to Dehong Prefecture, which may limit the 
generalizability of the results. Second, although multiple 
factors were analyzed, potential influencing factors such 
as financial status, transportation accessibility, and men-
tal health were not explored in depth, nor were patients 
who rejoined treatment after interruption were con-
sidered. Future research should expand the sample and 
include more regions and variables to more fully under-
stand the complexity of disengagement.

Moving forward, clinics should enhance early reten-
tion efforts with frequent counseling and urine moni-
toring. Flexible methadone dosing tailored to individual 
needs, especially for mobile populations, could improve 
adherence. Strengthening family involvement through 
workshops or home visits may further support retention. 
Mobile MMT clinics and digital tools like SMS reminders 
can enhance accessibility and appointment adherence. 
Future research should assess mental health outcomes 
and cost-effectiveness to inform scalable interventions. 
Integrating insights from Cox regression and decision 
tree models offers a structured approach to improving 
MMT retention in high-risk settings.

Conclusion
This study highlights persistent MMT retention chal-
lenges in Dehong Prefecture, China, revealing key drop-
out predictors through Cox regression and decision tree 
modeling. The Cox model identified protective factors 
such as higher methadone doses, marital stability, and 
strong family support, while positive urine tests and 
farming occupations increased dropout risk. The decision 
tree model emphasized treatment duration, identifying 
early-phase patients with positive urine tests as a high-
risk subgroup. These findings support a two-tiered inter-
vention strategy: population-level measures, including 
dose optimization and family engagement programs, and 
precision-targeted interventions, such as intensive moni-
toring for early-phase patients and mobile MMT ser-
vices for rural populations. Methodologically, this study 

validates the complementary strengths of Cox regression 
for risk quantification and decision trees for risk strati-
fication, providing a replicable model for regions facing 
similar public health challenges.
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