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Background: Despite many treatment guidelines available now, the treatment patterns of major depressive disorder (MDD) in China haven't been well-understood due to complexity and diversity.

Aim: To describe pharmacological treatment patterns of MDD patients in real-world settings using electronic health records from a major psychiatric hospital in China.

Methods: MDD patients (18–65 years, ICD-10: F32.x, F33.x) newly initiated single antidepressant (AD) in 2015 were enrolled, the date of first AD prescription during the study period was defined as index date, and eligible patients were followed up to 1 year. Treatment patterns were revealed and analyzed using multi-channel sequence analysis (MCSA), considering patients' chronological sequences (in days) of AD prescription, cumulative treatment step(s), and polypharmacy usage during the follow-up.

Results: This study (n = 5,003) identified four types of MDD treatment patterns. The first type (1-time treatment) represents the largest proportion of patients (73.6%, n = 3,686), followed by the second type (6-month consistent treatment) and third type (long-term, consistent treatment) collectively accounted for 20.6% (n = 1,031) of patients, by contrast the last type (long-term, inconsistent treatment) made up the rest 5.7% (n = 286) of patients while exhibiting the most complicated treatments patterns. The choice of AD was dominated by selective serotonin reuptake inhibitors (SSRIs), while treatment duration spent in polypharmacy spanned at 2.8%, 16.4%, 2.0%, and 36.5% over the four types, respectively.

Conclusion: Treatment patterns reflecting real-world pharmacological treatment practices of MDD in China were revealed using MCSA. The observed discrepancies between real-world practice and treatment guidelines provided additional insights in improving the clinical management of MDD.
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Introduction

Major depressive disorder (MDD) is a common psychiatric disorder worldwide, characterized by depressed mood, decreased energy, and loss of interest or pleasure in activities once enjoyed. As a leading cause of disability and disease burden globally, MDD accounted for 8.2% of all disability-adjusted life years lost, according to the Global Burden of Disease Study 2010 (1, 2). A 2019 cross-sectional epidemiological study of a nationally representative sample in China found that MDD was the most prevalent mood disorder, with a lifetime prevalence of 3.4% and a 12-month prevalence of 2.1% (3). The diagnosis and treatment of MDD are guided by several international clinical practice criteria, such as those established by the American Psychiatric Association (APA), the Canadian Network for Mood and Anxiety Treatment (CANMAT), and the British National Institute for Health and Care Excellence (NICE) (4–6). In China, the first clinical guidelines for MDD were published in 2003 by the Chinese Society of Psychiatry (CSP), which were updated to conform to international practice and drug development in 2015 (7). Recommended in these guidelines, pharmacological treatment is the major approach for managing MDD, particularly for moderate to severe cases, and antidepressants (ADs) are the recommended medications in clinical practice globally and in China. However, despite this recommendation, extensive evidence has shown that the effectiveness of ADs is generally comparable (4, 5, 8). Consequently, most guidelines provide general recommendations for pharmacological treatment of MDD patients, which leads to variation in clinical practice. The selection of ADs is based on factors such as clinical features of MDD, safety, and tolerability of alternative medications (4). Moreover, a study of MDD treatment pathways, which summarized all the medication sequences from a large, diverse population, found that not only were the pathways highly divergent, but 11% of the sampled population had completely unique pathways (9). Such complexity in pathways was also illustrated in another study across four US claims databases as half of the patients receiving initial AD were prescribed a variety of different medications in subsequent treatments, and no single AD class dominated (10). The diversity in the treatment pathways poses a challenge to understanding the actual treatment pathways in clinical practice and in optimizing treatment recommendations. To the best of our knowledge, previous studies on MDD treatment pathways were mostly limited by their complicated nature with little attention paid to patterns beyond the initial switch.

Developed from the social sciences, sequence analysis (SA) is a method used to study the sequences of event status in longitudinal data, such as career and family development in life trajectories. Notably, this method quantifies dissimilarities between trajectories using edit distance (a metric derived from counting the common attributes) (11). This method has since been adopted in health research (12) for novel applications to the healthcare pathways of various diseases (13–16). Gauthier et al. (17) extended the concept of SA from single trajectories to multi-channel (trajectories) sequence analysis (MCSA) to enable analysis of multiple trajectories simultaneously, thus improving its applicability in more complex situations. MCSA, therefore, provides a new approach for analyzing treatment patterns. In this study, we aim to expand the current knowledge of MDD treatment pathways among Chinese patients by utilizing the novel approach of MCSA based on Electronic Health Record (EHR) collected from the Shanghai Mental Health Center (SMHC), Shanghai Jiao Tong University, a WHO Collaborating Center in China. We hypothesized that the AD prescriptions, the cumulative treatment changes, and the polypharmacy usage, representing three channels of chronological trajectories, would cover the primary aspects of MDD pathways while balancing computational complexity and interpretability of results. Our study offers a unique perspective that could enhance the current understanding of the MDD treatment pathways.



Methods


Data source

This study utilized EHR collected at the SMHC, a first-class tier III public hospital that specializes in providing mental health services to patients with routine care needs, as well as those with severe and complex mental disorders from all over China. Relevant clinical information, including patient demographics (e.g., gender and date of birth), diagnoses [coded using the International Classification of Diseases, 10th Revision, Clinical Modification (ICD-10-CM)], drug prescription, and quantity as well as the dates of medical services were collected. AD treatments were captured using drug prescription information. This retrospective database study was approved by the Institutional Review Boards, Shanghai Mental Health Center (2019-18R). All information was de-identified and extracted from the hospital information system (HIS) into a validated and standardized EHR database by the hospital information technology department thus written informed consent from patients was waived.



Study setting

This is a descriptive study of the 1-year treatment pathways among Chinese MDD patients who newly initiated single AD treatment in 2015. The ADs eligible for initial treatment are listed in Supplementary Table 1 (excluding antipsychotics). We included 1 year of data prior to and after the treatment initiation to ensure complete baseline and follow-up observations. A patient's first observed prescription in 2015 with no record of AD use in the previous year was defined as the index prescription, and the date was defined as the index date.

Patients were eligible for inclusion in the study if they met the following criteria:

(a) male or female,

(b) aged between 18 and 65 at the index date,

(c) had been diagnosed with major depressive disorder (ICD-10 code: F32.x, F33.x) in baseline,

(d) prescribed with at least one AD in 2015.

Patients were excluded if they:

(a) received a diagnosis of bipolar disorder (ICD-10 code: F30.x, F31.x) or schizophrenia (ICD-10 code: F20.x) during the baseline and follow-up period,

(b) had been administered electroconvulsive therapy (ECT) in baseline,

(c) had been diagnosed with organic disease(s) of the central nervous system (ICD-10 code: F00.x- F09.x) in baseline and follow-up,

(d) patients with multiple AD medications (two or more) on the index date.

The focus of this study was on patients who were prescribed a single AD on their index date since monotherapy is universally recommended as the initial regimen. Patients were followed up to 365 days from the index date or the end of the first episode, whichever came first. An episode was considered ended when there had been 120 days with no diagnosis of depression and no dispensing of AD medication had been observed.



Multi-channel sequence analysis

We applied MCSA to identify patient groups who received similar treatments across multiple trajectories. We selected and obtained the trajectories (channels), converted each trajectory into sequence data for the study period, and performed hierarchical clustering to identify patterns based on all trajectories.

In this study, three trajectories were chosen for channel-sequence building: AD class, treatment step, and polypharmacy usage. Based on an individual's prescriptions during follow-up, ADs were grouped into pre-specified AD classes (Supplementary Table 1), selective serotonin reuptake inhibitors (SSRIs), serotonin and norepinephrine reuptake inhibitors (SNRIs), tricyclic antidepressants (TCAs), noradrenergic and specific serotonergic antidepressants (NaSSAs), other antidepressants (other ADs), and antipsychotics (AP). The treatment step described cumulative treatment changes since the index date. Specifically, a change (step) was identified if there was a (1) Switch: The patient AD medication(s) was changed by initiating one or more different AD(s) and discontinuing the prior AD(s) within a 30-day period, the new AD(s) must have a minimum supply of 30 days, and (2) Add-on: The patient's treatment regimen was modified by augmenting it with one or more other AD(s) for a minimum of 30 days. The AD in the initial prescription was defined as a step 1 regimen. If a later switch or add-on was observed, then the patient entered the step 2 regimen. The treatment step was ordered as step 1, step 2, and step 3 or greater. Polypharmacy status was grouped into single-drug or multi-drug. Of note, the AD class, treatment step, and polypharmacy usage were all determined at the drug level. Each channel described above was converted into chronological sequence data at daily level starting from the index date to the end of follow-up. For those whose first episode terminated earlier than 1 year, their treatment status beyond the termination was considered as “treatment discontinuation,” resulting in all individual sequences spanning 365 days for subsequent analysis. Prescription gaps were imputed by the last observable value of the respective channels. In the end, three parallel sequences of length 365 days for each individual were obtained. The pairwise 3-channel dissimilarities between individuals were computed using the Longest Common Subsequence (LCS) distance, which takes position-shift into account. In other words, we considered ordered sequences such as “SSRIs-SNRIs-SSRIs” and “SNRIs-SSRIs-SNRIs” as close since they were similar when position-shift was allowed even though they differ entirely position-wise. Ward-linkage hierarchical clustering was applied to the dissimilarity matrix to identify homogeneous groups of sequences in joint consideration of the three channels. We used the average silhouette width (ASW) to assess the clustering's homogeneity, and a value of 0.51 or above generally indicates reasonable partition (18). The final partitions were chosen based on clustering homogeneity, size of the clusters, and interpretability (Supplementary material) (19).

The resulting clusters were characterized by demographics, clinical characteristics, and drug utilization. Overall utilization of ADs during follow-up was analyzed by drug class. We identified treatment changes, including subsequences and transitions in each cluster. Transitions refer to immediate changes between any adjacent sequences (e.g., “SSRI>SNRI”), while subsequences allow for additional changes in between (e.g., “SSRI-SNRI” with zero or more intervening treatments). Transition focus on immediate changes, while subsequences enable identification of more generalized treatment patterns (20).

Finally, given the evidence suggesting that there may be variations in symptoms and prevalence of MDD between patients of different sex (21), a subgroup analysis by gender was performed to further explore whether such variation could lead to different treatment pattern for males and females. Summary statistics for categorical variables (frequency and percentage), continuous variables [mean, standard deviation (sd)] were presented. Statistical analyses were performed using SAS software, version 9.4 (SAS Institute, Cary, North Carolina). Multi-channel sequence analysis was performed with the TraMineR package (Version 1.8-8) (22), multi-channel distribution was visualized with seqHMM package (23), and clustering quality was evaluated with the WeightedCluster package (18) using R version 4.0.0 (24).




Results


Demographics and clinical characteristics

From the SMHC database, a total of 10,371 MDD patients who newly initiated MDD treatment during 2015 were identified (Supplementary Figure 1). Of these, 312 were excluded due to a diagnosis of schizophrenia, bipolar disorder, or organic disease of the CNS; 12 were excluded due to having been administered ECT before the first identified prescription of AD; 1,785 patients did not meet the pre-specified age criterion; 3,259 patients were excluded due to being prescribed multiple ADs on the index date. This left 5,003 patients who met all criteria and were included in the study cohort. Among the eligible patients, the mean age was 39.1 years (sd, 13.11), 65.6% were female and most were in outpatient care on their index date (99.3%; Table 1). The mean follow-up duration was 100.4 days (sd, 120.9), during which 4,451 of the patients (89.0%) terminated their treatments within 1 year.


TABLE 1 Demographic and clinical characteristics.
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Identification of the treatment patterns

Among the 5,003 subjects, 1,282, 1,017, and 791 distinct sequences were identified in the AD class channel, treatment step channel, and polypharmacy usage channel, respectively (the channel overview and top 10 patterns of each channel are presented visually in Supplementary Figures 2, 3). Ward hierarchical clustering (process detailed in Supplementary Figures 4, 5) yielded four homogeneous groups, which provided the optimal results in terms of sequence separation quality, size, and interpretability. Figure 1 displays the treatment pathway of each cluster by three channels. The ASW value of 0.65 suggests that the partitioning was reasonable.


[image: Figure 1]
FIGURE 1
 Distribution plot of each cluster. In this figure, visualization of 1-year treatment pathways from all patients by four identified clusters was plotted and each consisted of information from the three pre-defined channels [AD class, treatment step (Step), and polypharmacy usage (Poly)]. The X-axis displays chronological order (365 days), and the daily sequence values obtained from each channel were plotted according to their corresponding proportions, which were displayed on the Y-axis.




Demographics and clinical characteristics by clusters

The demographics and clinical characteristics of each cluster are summarized in Table 1. Cluster 1 patients are slightly younger than those in other clusters while patients in Cluster 4 are slightly older. Females were dominant in all clusters; with cluster 3 having the highest proportion (69.1%) and cluster 4 the lowest (60.1%). With the exception of cluster 4 (96.9%), more than 99% of patients in the first three clusters were outpatients on the index date.



Treatment pattern characteristics of each cluster

Overall, the four clusters represented four different patterns. Cluster 1, the largest yet most uniform cluster, which accounted for over 70% of the patients (N = 3,686), can be characterized by a common early discontinuation of the treatment with a mean time to stop of 35.0 days. SSRIs were the dominant AD class during the follow-up (20.6 days spent on SSRIs on average). Furthermore, patients mainly used single-drug (on average for 34.0 days, 97%) and remained in the first treatment step (no switches or add-on therapies; 32.5 days), with a mean total treatment step count of 1.1. Compared to cluster 1, cluster 2 (N = 474, 10%) had a longer mean time to discontinuation of 180.8 days. In terms of treatment, SSRIs and SNRIs were the most dominant AD classes; with patients spending 80.7 and 46.3 days on them, respectively. In addition, cluster 2 demonstrated a similar pattern in terms of treatment step and polypharmacy usage, with a majority of time spent on single-drug therapy (151.1 days, 84%), and an average of 120.2 days spent in the first treatment step. The mean treatment steps for this cluster was 1.7. Cluster 3 (N = 557, 12%) differed significantly from the previous two clusters in several ways. Firstly, the treatment duration was by far the longest (averaging 333.0 days). Secondly, it had the highest percentage of patients on SSRIs and the fewest on SNRIs and NaSSAs. For example, 74.9% of the patients in cluster 3 initiated AD therapy on an SSRI and spent an average of 236.8 days on it (cluster 1 and cluster 2 spent 20.6 and 80.7 days on an SSRI, respectively). Cluster 3 also had the highest percentage of time spent in both the first treatment step (317.9 days, 95%) and single-drug therapy (326.2 days, 98%) during the treatment period, with a mean treatment step of 1.2. Cluster 4 (N = 286, 5.7%) was the smallest cluster, yet its pattern was notably different from previous clusters. Firstly, this cluster was characterized by its longest mean time to stop of 357.3 days. Treatment involved a wide variety of AD classes, with SSRIs being the most commonly prescribed class, with an average of 118.4 days spent, and 85% of follow-up time (302.9 days) was spent in step 2 treatment and above. Furthermore, multi-drug use was more prevalent in this cluster than in the other three clusters (mean time of 130.4 days spent on multi-drug therapy, 36%). Correspondingly, the mean treatment step count of 3.3 for patients in this cluster was greater than the other clusters (Table 2).


TABLE 2 Drug utilization and healthcare utilization by clusters.
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Stopping treatment, typical patterns of each cluster

All patients in cluster 1 and cluster 2 discontinued treatments during the follow-up, whereas only 223 (40.0%) and 68 (23.8%) of the patients in cluster 3 and cluster 4 discontinued the treatment within 1 year, respectively. For those who discontinued treatment, SSRIs, SNRIs, and NaSSA were the most used before treatment ended, and single-drug usage was significantly more common than multi-drug use (Table 2).

Despite the differences in treatment durations regarding the treatment steps, most patients in cluster 1, 2, and 3 remained in step 1 during treatment. However, clusters 2 and 4 were characterized by increase in the number of treatment steps, with 42.6 and 100% of patients advancing to step 2 and higher proportion of patients progressing to step 3 than in clusters 1 and 3 (Table 2). The most common changes in therapy (i.e., subsequences and transitions) identified from each cluster are listed in Supplementary Table 2. Notably in cluster 4, the most frequent switching pattern during follow-up was from SSRIs to combinations of SSRIs with other drugs or ADs, observed in ~12% of the patients, and most switches were sequential. Moreover, 10.1% of the patients switched from SSRIs to other antipsychotics later amidst the follow-up.

Regarding polypharmacy usage during follow-up, patients in clusters 1 and 3 predominantly used single drugs, while in cluster 2, 29.5% of patients switched from single-drug to multiple-drug therapy, and 15.2% of the patients switched from single-drug to multiple-drugs and then returned to a single-drug. A comparable pattern was observed in cluster 4 (Supplementary Table 2).



Treatment pattern and characteristics by gender

Subgroup analysis was conducted by gender, revealing four clusters for both female (cluster 1–4: 2,192, 567, 380, and 144 patients) and male (cluster 1–4: 1,120, 335, 180, and 85 patients). The first cluster remained the largest for both genders, accounting for over 65% of patients, with an average time to discontinuation of 27.6 days for females and 29.0 days for males. Cluster 2 and 3 demonstrated similar patterns to the overall population, with ~½-year treatment in cluster 2 and ~1-year treatment in cluster 3 for both genders. Cluster 4 also exhibited similar patterns, with more advanced treatment steps and more polypharmacy usage. No major differences were observed between genders. Basic characteristics were also consistent with the overall population, with patients in cluster 4 tending to be slightly older and have lower proportion of outpatient visits on the index date. Detailed information on cluster distribution and patient characteristics by cluster for both genders can be found in Supplementary Figures 6, 7 and Supplementary Table 3.




Discussion

The present study described the 1-year MDD pharmacological treatment pathway among patients who newly initiate treatment from one of the largest psychiatric hospitals in China. As one of the most recognized mental health centers in China, the clinical practice observed from SMHC has reasonable representativeness of MDD treatment. Despite the complexity of the potential treatment patterns from real-world practice as well as the difficulty in utilizing more information in the data analysis, we used sequence-based approach to lessen the gap between limited analysis methods and the understanding of MDD treatment patterns.

Among the 5,003 MDD patients included from the SMHC database, the majority were female with an average age of 39.1 years. The cohort was treated with ADs for an average duration of 100 days. One of the attractive features of using EHR database is the ability to provide information reflecting clinical practice. To extend beyond simple description, we identified four types of MDD treatment patterns based on the observed real-world clinical pathways. These patterns revealed important insights into how MDD patients are treated in China. However, it should be noted that the interpretation of such patterns requires caution as they are a mix of clinical practice and real-world complexities. Our aim was to describe and summarize the clinical characteristics and implications of the MDD treatment in China based on these patterns.

The first type, comprising more than 70% of patients, discontinued treatment after a mean duration of 35 days, indicating a pattern of 1-time treatment since 1-month interval between visits is usually scheduled for MDD patients in the SMHC practice. This apparent rapid cessation of treatment is at odds with the guidelines that recommend that treatment with the same AD continue 4–9 months in a continuous treatment phase after remission (4). Indeed, other studies in South Korea (25) and Taiwan, China (26) have reported a mean duration of pharmaceutical treatment for depression of 152 days and 1.57 years, respectively. In the present case, except for a possible rapid response in mildly symptomatic patients, there may be other causes for the observed very early discontinuation. There is no medical referral mechanism in China, and the public tends to go directly to top-level hospitals because of the high-quality medical resources (27, 28). Thus, tertiary hospitals may provide consultancy for patients from other provinces who may return to their local hospitals for maintenance treatments. This may explain the sparse visit pattern observed in top hospitals, such as seen in SMHC. In addition, the short treatment observed in majority of Chinese MDD patients may be caused by the low public awareness of mental health diseases such as depression as well as the negative attitude toward seeking professional psychological help (29). A recent review identified several key barriers of poor mental health help-seeking behavior among the Chinese population, including self-reliance, low perceived need, lack of affordability, etc. (30). A recent national survey revealed a concerning fact that only 9.5% of participants with a 12-month history of MDD sought mental health services, and only 0.5% were considered adequately treated with ADs or mood stabilizers in specialized mental health service (31). On the other hand, the second and third types of patterns consisted of 20% of patients who shared similar treatment patterns as the first type, except for a relatively longer continuation of treatment for about 6 months and 1 year, respectively. This observed maintenance may reflect typical patterns of regular and effective MDD treatment. The last type of pattern was characterized by a prolonged treatment duration, during which mixed usage of ADs, more frequent prescription changes, as well as multi-drug usage were observed, this may indicate the ineffectiveness of treatment or severe symptoms. While this pattern included <6% of all patients, this pattern may be most relevant to treatment resistance and may encompass a larger percentage of patients in other settings.

The prescription of AD classes in our study showed similarities from previous findings, with SSRIs being the most commonly prescribed class. This is consistent with previous studies in the US (32), Europe (33), East Asia (34), and China (35, 36). In the present study, more than 60% of patients in the SMHC sample initiated SSRI treatment, which is in line with the first-line treatment recommended in most guidelines, including Chinese guideline for MDD treatment updated in 2015 (6, 7). Nevertheless, nearly one-third of the patients were excluded from the study due to having multi-AD prescriptions on the index date; it is possible these patients had already started treatment elsewhere, or they had more severe symptoms or were refractory to first treatments and were referred to this tertiary care center. In terms of the last regimen before treatment discontinuation, SSRIs also remained the dominant AD in all clusters, indicating their effectiveness in treatment to some extent, if remission were manifested as the last treatment prior to cessation of therapy (at least in a database). The observed dominance of SSRIs from treatment initiation to cessation is in line with the well-established efficacy, safety, and tolerability. However, this also highlights the limited flexibility in drug choice in clinical practice is revealed (37). A more individualized approach to drug selection, taking into account clinical features, medication characteristics, and patient preferences may be beneficial in practice. Further study is required to investigate the clinical implications of these findings, especially for the last type of treatment pattern where treatment-resistance was noted. Moreover, the subgroup analysis by gender revealed that the treatment pattern identified in males and females were similar to those observed in the overall population, and no significant differences were observed between genders.

To the best of our knowledge, this is the first study to comprehensively identify MDD treatment patterns in China. The Chinese guidelines for treating MDD provide general recommendations rather than a treatment algorithm that outlines specific and sequenced treatment strategies for psychiatrists. As a result, MDD patients in Chinese clinical practice follow diverse treatment pathways. Therefore, a comprehensive understanding of the patients' actual treatment is necessary, and pattern identification is crucial for clinical guidance. Such an approach can offer insight into developing appropriate treatment algorithms or strategies appropriate tailored to Chinese patients. From the patterns identified in our study, we found about 17% of patients continue long term treatment for 1 year (maybe longer since the follow-up period was truncated at 1 year in this study) and two-third of them exhibited complex patterns with frequent changes in antidepressant treatment, which complied to the common perception of treatment-resistant depression. Also, the observed large proportion of 1-time treated patient implies the potential need of effective strategies to promote positive attitude toward treatment awareness. This helps manage healthcare utilization resources and better recognize the potential disease burden of treatment-resistant depression in practice.

In light of the above, applying sequence analysis to treatment data has great potential to provide insights into the MDD treatment pathways visually and analytically. Two features often complicate understanding complex treatment pathways from the real-world setting: the high diversity, which often makes traditional summary statistics inapplicable, and the difficulty of utilizing the pathway data more efficiently. Researchers are often forced to focus on cross-sectional analysis with low-dimensional information to reduce diversity and complexity. Compared to conventional analysis, a sequential analysis approach may lead to a more thorough characterization of treatment pathways by looking at all treatments beyond the index drug, analysis concerning time, treatment switches, drug utilization, and common status changes on both overall and individual levels. Such characteristics could be coupled with selected outcomes and further utilized to provide additional clinical insights. Our results confirmed that such strategies could generate meaningful results.


Limitations

This study has several limitations. First, the majority of the patients had short treatment patterns, as observed in cluster 1. This may limit the present study's ability to capture long-term treatment. However, in addition to the identified potential reasons for the observed short treatment, this limitation may be also informative in reflecting the current real-world practice of MDD treatment in China, highlighting the gap between the actual practice and guidelines. On the other hand, the SMHC database used in this study lacks confirmed treatment discontinuation information, which is a general issue when conducting EHR studies in China and elsewhere. Nonetheless, our definition of treatment discontinuation is sufficient to provide an initial and broad understanding of true treatment terminations. To further address this issue, one may attempt to identify and exclude the high mobility of patients between hospitals. Secondly, the data source from a single hospital may have limited our estimation of exposure and follow-up as it would have captured patients whose MDD history was complex, difficult to treat, but ultimately were followed longer term by another clinician. In China, Class 1 level III hospital offer services to the general population from all over the country, providing up-to-date medical care for patients, including routine health care and treatment for more severe and complex cases. SMHC is one of the leading class 1 level III mental health hospitals in China, the EHR could provide valuable insight into the real-world treatment patterns of MDD with reasonable representativeness in terms of patients' characteristics and treatment patterns. Future research is warranted to further verify the results from our study. Thirdly, prescribed medication cannot equate to the actual treatment of patients, while the assumption that medication prescribed is as consumed as directed is a common approach in EHR-based studies. Finally, in MCSA the choice of channels as well as the quantification methods used for assessing similarities could affect the subsequent clustering results and lead to different interpretations. These items should be chosen based on analysis interests and study design. Although several quality assessment criteria are widely available, the choice of the number of clusters is subjective and arbitrary, and no single best solution is indicated. Instead, the process is balanced by cluster separation quality, size, and interpretability, therefore caution should be exercised when examining the clustering results. Overall, while these limitations should be considered when interpreting the study's results, we believe that this study's findings contribute valuable insight into the real-world treatment patterns of MDD in China.




Conclusion

In conclusion, this study provided new insights into the real-world treatment practices and disease management among MDD patients in China with a novel application of multi-channel sequence analysis. Further work should be done to validate our findings in different data sources.
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Cluster 4 (N = 286)

Follow-up duration (days) mean (sd) 350 27.62 180.8 4625 333.0 49.64 3573 18.66
Patient with treatment 3,686 100.0 474 100.0 223 0.0 68 238
discontinuation n (%)

AD class*

Initiating AD class n (%)

SSRI 2,353 63.8 274 578 417 74.9 161 56.3
SNRI 623 16.9 133 28.1 82 14.7 57 19.9
NaSSA 455 12.3 49 10.3 38 6.8 46 16.1
Stopping AD class n (%)

SSRI 2,298 623 223 47.0 171 76.7 31 456
SNRI 601 163 112 236 16 72 10 147
NaSSA 444 120 24 5.1 18 8.1 ! <1.0%
AD class ever used n (%)

SSRI 2,374 64.4 296 62.4 422 75.7 207 72.4
SNRI 637 173 161 34.0 93 167 95 332
NaSSA 472 128 56 118 42 75 64 224
Time (days) spent during follow-up mean (sd)

SSRI 206 2469 80.7 75.18 2368 14596 1184 12117
SNRI 55 15.23 46.3 76.28 533 124.09 44.9 86.15
NaSSA 4.4 14.99 12.5 42.30 22.7 83.21 214 57.25**
Treatment step

Cumulative number of steps mean 11 023 17 1.00 12 057 33 127
(sd)

Stopping treatment step n (%)

Step 1 3,513 95.3 272 57.4 194 87.0 0 0.0
Step2 165 45 90 190 18 8.1 16 235
Step >3 8 0.2 112 23.6 11 4.9 52 76.5
Time (days) spent during follow-up mean (sd)

Step 1 325 25.03 1202 68.21 317.9 63.66 54.4 42.81
Step2 23 11.29 38.7 55.57 115 35.15 166.4 160.21
Step >3 0.1 1.85 219 46.83 35 16.59 136.5 108.42
Polypharmacy usage

Stopping polypharmacy usage n (%)

Single-drug 3,612 98.0 398 84.0 212 95.1 49 72.1
Multiple-drug 74 2.0 76 16.0 11 4.9 19 27.9
Time (days) spent during follow-up mean (sd)

Single-drug 34.0 26.88 151.1 56.01 3262 53.31 2269 11218
Multiple-drug 1.0 6.84 29.7 55.58 68 24.79 130.4 11353

*Top 3 classes covering the majority of AD classes were listed.
**NaSSA ranked the forth class in cluster 4, and the third class was antipsychotics (mean: 23.1 days, sd: 64.79 days).
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