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Abstract 

Background  Major depressive disorder (MDD) is the most prevalent mental health disorder globally. However, 
the association between depressive symptom trajectories in the early period and subsequent mental health out-
comes remains not fully elucidated. This study aimed to delineate the depressive symptom trajectories during the ini-
tial phase of treatment, identify baseline characteristics associated with these trajectories, and explore the association 
of trajectories with subsequent quality of life and suicidal ideation.

Methods  Participants were from the Depression Cohort in China. The diagnosis of MDD was assessed using the Mini-
International Neuropsychiatric Interview (M.I.N.I.). Information on depressive symptom severity, quality of life, suicidal 
ideation and other demographics were collected. Latent class trajectory modeling was used to identify distinct classes 
of depressive symptom trajectories.

Results  A total of 566 patients with MDD were included, and we identified 3 categories with differential trajectories 
characterized by improving class (66.7%), moderate decreasing class (27.7%), and persistent high class (5.6%). Com-
pared to the improving class, severer anxiety and depressive symptoms at baseline increased the odds of belonging 
to the moderate decreasing class and persistent high class. Both moderate decreasing class and persistent high class 
were associated with increased risks of subsequent diminished quality of life. Additionally, only persistent high class 
was associated with a higher risk of subsequent suicidal ideation.

Conclusion  Severe baseline anxiety and depressive symptoms identify a subpopulation of persons living with MDD 
who evince a greater likelihood of symptom worsening over time as well as greater decrements in quality of life 
and worsening measures of suicidality.

Keywords  Major depressive disorder, Symptom trajectory, Quality of life, Suicidal ideation

†Wenjian Lai and Yuhua Liao contributed equally to this work.

*Correspondence:
Ciyong Lu
luciyong@mail.sysu.edu.cn
Xue Han
xuehan_sz@hotmail.com
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12888-025-06743-1&domain=pdf


Page 2 of 12Lai et al. BMC Psychiatry          (2025) 25:310 

Introduction
Major depressive disorder (MDD) is the most common 
and disabling disorder globally [1]. It involves a depressed 
mood or loss of pleasure or interest in activities for 
long periods of time [2]. The World Health Organiza-
tion (WHO) estimates that approximately 280 million 
people suffer from MDD worldwide, with an estimated 
5% of adults experiencing MDD [2]. The China Mental 
Health Survey have reported that the lifetime prevalence 
of MDD in China is 3.4%, with a 12-month prevalence 
of 2.1% [3]. It is well established that MDD not only has 
negative impact on social function and quality of life [4, 
5], but also contributes to a loss of productivity and eco-
nomic burden associated with treatment [6, 7]. Moreover, 
MDD even poses a substantial risk for suicidal behaviors, 
placing a heavy burden on individuals, families and com-
munities [2, 8, 9].

Available evidence aimed at determining heterogeneity 
of MDD has identified multiple groups with differential 
illness trajectories [10–12]. Existing studies have indi-
cated that patients with MDD generally exhibited 2–4 
distinct depressive symptom trajectories, with different 
trajectories exhibiting different responses to outcomes 
[11–13]. Therefore, early identification and trajectory 
modeling in clinical practice, is crucial for predicting 
long-term outcomes and tailoring more effective inter-
ventions to improve patient prognosis.

Compelling evidence have indicated that the trajec-
tories of depressive symptom are associated with many 
factors, including biological, behavioral, medical, psy-
chological and social domains [10, 12, 14]. For instance, 
baseline depression severity is considered as the most 
significant factor of subsequent trajectory, with more 
severe depression severity at baseline potentially predict-
ing poorer response [1, 12]. Additionally, some demo-
graphic and psychological characteristics have been to 
reliably predict depressive symptom trajectories [15]. 
Herein, we attempt to identify baseline characteristics 
associated with trajectory membership, which is crucial 
for predicting the progression of depressive symptom 
and implementing interventions to meet the specific 
needs of patients.

Previous research has highlighted that distinct symp-
tom trajectories are associated with different treatment 
outcomes [16]. The first 12 weeks of treatment is a criti-
cal period during which therapeutic interventions can 
significantly influence the development of depressive 
symptoms [17]. The identification of depressive symp-
tom trajectories in the early phases of treatment is criti-
cal, as Scott et  al. and Terrill et  al. demonstrated that 
early changes in symptom severity can effectively predict 
long-term outcomes [10, 11]. However, the association 
between the depressive symptom trajectories in this early 

period and subsequent mental health outcomes, such as 
quality of life and suicidal ideation, remains not fully elu-
cidated. Quality of life is a subjective, patient-centered 
outcome that refers to how a health condition affects a 
person’s total well-being, encompassing various domains 
such as emotional, social, and physical health [18]. Qual-
ity of life is severely affected in MDD, and it could even 
continue so after an apparent clinical improvement [19]. 
Impaired quality of life is not only a consequence of MDD 
but also a risk factor for relapse and chronicity [20]. Sui-
cidal ideation, defined as thoughts or wishes about end-
ing own life, is a grave manifestation of depression [21]. A 
meta-analysis has revealed that the prevalence of suicidal 
ideation in patients with MDD was 37.7% [9]. The pres-
ence of suicidal ideation could be particularly concern-
ing, as it may indicate a poor response to treatment and 
represent an increased risk of future suicide [8, 22].

However, prior studies may have predominantly 
focused on the impact of depressive symptom severity at 
a single assessment (e.g., baseline) on quality of life and 
suicidal behaviors [23, 24], which neglects charting the 
course of the disease. Patients with MDD may experience 
dynamic changes in depressive symptoms, and research 
suggests that only the persistent high trajectory of 
depressive symptom is predictive of subsequent poorer 
outcome [25, 26]. Given the heterogeneity in the develop-
mental trajectories in patients with MDD, it is imperative 
to explore these trajectories and their association with 
subsequent outcomes comprehensively. Understanding 
the evolution of depressive symptoms and their influence 
on subsequent consequences is imperative for the devel-
opment of effective preventive strategies and targeted 
intervention.

Herein, we conducted this study to (1) identify differ-
ent trajectories of depressive symptoms over the course 
of 12-week treatment in patients with MDD; (2) investi-
gate the baseline characteristics associated with member-
ship of these trajectories; (3) explore the association of 
different trajectories with subsequent quality of life and 
suicidal ideation.

Method
Study design and participants
The current study used data from patients with MDD in 
the Depression Cohort in China (DCC) study (ChiCTR 
registration number 1900022145), which is an ongoing, 
dynamic, prospective population-based cohort study. A 
detailed description of the DCC study design has been 
described elsewhere [27, 28].

In the current study, the patients with MDD were 
recruited from March 2019 to March 2023. The inclusion 
criteria for the patients with MDD were as follows: (1) 
aged 18 to 65 years; (2) diagnosed with MDD by trained 
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psychiatrists using the Mini-International Neuropsychi-
atric Interview (M.I.N.I.) [29]; (3) total score of Patient 
Health Questionnaire-9 (PHQ-9) ≥ 10 [28]; (4) prescribed 
with antidepressants. The exclusion criteria were as fol-
lows: (1) diagnosed with other mental disorders (e.g., 
schizophrenia, bipolar disorder, etc.); (2) history of neu-
rological diseases; (3) severe physical disease; (4) alcohol/
substance abuse in the past 6 months; (5) pregnancy or 
breastfeeding; and (6) inability to understand study ques-
tionnaires or provide informed consent.

This study received ethical approval from the institu-
tional review board of Sun Yat-sen University School of 
Public Health (L2017044), and the study protocol was 
approved by the Ethical Review Boards of all the partici-
pating centers. All participants provided informed con-
sent. All personal information in the study data has been 
deidentified to protect the privacy of the participants.

In this study, we collected data at baseline, weeks 4, 8, 
12, 24, 48, and 72. The data of baseline to 12-week were 
used to explore the depressive symptom trajectories, and 
the data of 12-week to 72-week were adopted to exam-
ine the association of depressive symptom trajectories 
with subsequent quality of life and suicidal ideation. A 
total of 1000 patients with antidepressant treatment were 
enrolled at baseline. During 12-week follow-up period, 
134 participants withdrew from the study, and 70 par-
ticipants did not reach the follow-up date. Generally, the 
trajectory analysis requires at least three measurements 
[30], so 147 participants with less than three measure-
ments of depressive symptoms were excluded. After fur-
ther excluding patients who had missing data on quality 
of life (n = 94) or suicidal ideation (n = 93) at 12-week fol-
low-up period, the current study ultimately included 556 
patients with MDD. The detailed recruitment procedure 
and timeline were shown in Figure S1 and Figure S2.

Measures
Assessment of depressive symptom
Depressive symptoms at baseline to 12-week follow-up 
were measured using the Patient Health Questionnaire-9 
(PHQ-9) scale [31]. The scale showed satisfactory reli-
ability in this study (Cronbach’s alpha was 0.753–0.922). 
Participants were asked about the frequency of depres-
sive symptoms over the past two weeks on a 4-point scale 
ranging from “not at all” (= 0) to “nearly every day” (= 3). 
The total score of PHQ-9 ranges from 0 to 27, higher 
scores indicated more severe depressive symptoms, and 
a cut-off score of ≥ 10 were identified as moderate and 
severe depressive symptoms [32].

Assessment of quality of life
The Chinese version of 12-item short-form health survey 
(SF-12) was used to assess the quality of life at 12-week 

to 72-week [33]. The SF-12 scale contained 12 items that 
could be measured eight domains of quality of life [34], 
including physical functioning, role limitations due to 
physical problems, bodily pain, general health percep-
tions, vitality, social functioning, role limitations due to 
emotional problems, and general mental health. Based 
on the eight domains, two dimensions of the Physical 
Component Summary (PCS) and the Mental Component 
Summary (MCS) were further formulated, and scores of 
two dimensions were calculated. All scores range from 0 
to 100, with higher scores indicating better quality of life 
[35]. The scale showed satisfactory reliability in this study 
(Cronbach’s alpha was 0.830–0.845 for PCS; 0.877–0.883 
for MCS).

Assessment of suicidal ideation
Suicidal ideation in the past week was measured at 
12-week to 72-week follow-up using the Chinese version 
of Beck Scale for Suicide Ideation (BSSI) [36]. The scale 
showed satisfactory reliability in this study (Cronbach’s 
alpha was 0.783–0.856). The first five items of the BSSI 
were used to assess the severity of suicidal ideation in the 
past week on a 3-Likert scale from 0 to 2. The total score 
ranges from 0 to 10, with higher scores indicating more 
severe suicidal ideation [37].

Other variables
Demographic and health-related data were collected 
using self-report questionnaire [28]. Demographic infor-
mation included age, sex, education level (below under-
graduate, undergraduate or above), living arrangement 
(single, living with relatives, living with non-relatives), 
marital status (single, married, divorced or widowed), 
household income per month (< 10,000 yuan, 10,000–
19999 yuan, > 20,000 yuan). Health status and behaviors 
included current smoking, current drinking, history of 
chronic disease, and exercise habit. Current smoking/
drinking was assessed by asking the participants how 
many days they smoke/drank alcohol during the last 30 
days, and those answered one or more days were clas-
sified as current smoking/drinking. History of chronic 
disease was defined as the prevalence of any of the fol-
lowing: (1) hypertension; (2) diabetes; (3) heart disease; 
(4) stroke; (5) thyroid disease; (6) tumors. Exercise habit 
per week was measured by asking the following question: 
“have you ever exercised at least once a week for more 
than 30 min?”.

Psychological and clinical characteristics consisted of 
anxiety symptoms, resilience, childhood trauma, first-
onset MDD, antidepressant drug treatments for MDD, 
and family history of MDD. The severity of anxiety symp-
toms during the past two weeks was measured using the 
Generalized Anxiety Disorder-7 (GAD-7) [38]. Resilience 
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was assessed using the Connor-Davidson Resilience Scale 
(CD-RISC) [39]. The experience of childhood trauma was 
measured using the Chinese version of the Childhood 
Trauma Questionnaire-28 item Short Form (CTQ-SF) 
[40]. Antidepressant drug treatments for MDD at base-
line and during the 3 months were prescribed by psy-
chiatrists based on clinical evaluation. According to the 
WHO Anatomical Therapeutic Chemical (ATC) classifi-
cation, antidepressants were classified as selective sero-
tonin reuptake inhibitors (SSRIs, ATC-code: N06AB) 
and other antidepressants (ATC-codes: N06AA, N06AF, 
N06AG, N06AX). The use of antidepressants was catego-
rized as SSRIs only, other antidepressants only, and com-
bination of SSRIs and other antidepressants.

Statistical analysis
In this study, the missing data of the potential covariates 
were imputed using multiple imputations (five imputa-
tion sets) by chained equations.

First, descriptive analyses were conducted to describe 
the sample characteristics, and the data were expressed 
as median (interquartile range, IQR) for continuous 
variables and frequencies (percentages) for categorical 
variables.

Second, we used latent class trajectory models (LCTM) 
to identify trajectories of depressive symptoms over time 
[41]. LCTM is a specialized form of finite mixture mod-
elling, and is designed to identify latent classes of indi-
viduals following similar progressions of a determinant 
over time. Moreover, LCTM has been widely employed 
to model symptom trajectories in psychiatric disorders, 
offering a robust method to capture heterogeneity in 
treatment responses [13]. For the current analysis, indi-
vidual class membership was assigned based on depres-
sive symptoms scores measured at 4 time points over the 
12-week follow-up. Missing data were omitted by default.

To determine the optimal number of trajectory classes, 
models with increasing number of latent classes (from 1- 
to 5-class models) were fitted to the data, and the best-
fitting model was selected according to the following 
goodness-of-fit indices: Akaike’s Information Criterion 
(AIC), Bayesian Information Criterion (BIC), samples-
size-adjusted BIC (aBIC), and entropy. Lower AIC, BIC, 
and aBIC suggest a more parsimonious model [42]. 
Entropy ranges from 0 to 1, and higher entropy indicates 
a better model fit, with values approaching 1 indicating a 
clear delineation of classes [43]. Aside from fit statistics, 
average posterior probability of assignment (APPA) of 
each trajectory group (> 0.70) and class size (≥ 2% of the 
population) were also taken into consideration in model 
selection [44].

Third, multinomial logistic regression modelling 
was used to investigate the association of baseline 

characteristics with identified trajectories. These models 
were weighted by the inverse of the probability of trajec-
tory membership derived from the posterior probability 
estimates.

Fourth, the linear mixed model with the person-spe-
cific random intercept was used to explore the associa-
tions of depressive symptom trajectories with subsequent 
quality of life and suicidal ideation. Three models were 
conducted to assess the impact of potential covari-
ates based on previous literature. Model 1 was adjusted 
for follow-up time to control for possible differences 
among different surveys. Model 2 was further adjusted 
for age, sex and other demographic covariates with dif-
ferent distributions among depressive symptoms trajec-
tories (Table  S2), including household income, current 
smoking, current drinking, exercise habit and history of 
chronic disease. Model 3 was additionally adjusted for 
psychological and clinical characteristics, including anxi-
ety symptoms, resilience, childhood trauma, first-onset 
MDD, and use of antidepressants.

Fifth, to examine whether any attrition bias from the 
missing data impacted our results, we conducted sensi-
tivity analyses to repeat the main analyses in a full sam-
ple without covariates with missing value to verify the 
robustness of the results.

All data analyses were conducted using R 4.1.0 (the R 
Foundation for Statistical Computing, Vienna, Austria), 
and all statistical tests were two-sided, with P < 0.05 con-
sidered statistically significant.

Results
Sample characteristic
There were no significant differences in the distribution 
of most demographic variables at baseline (sex, educa-
tion level, living arrangement, marital status, household 
income) between the analytic sample and those excluded 
of the study (Table S1).

A total of 556 patients with MDD were included in 
this study. The median (IQR) age was 26.0 (22.0, 30.0), 
and 68.5% were female. Among them, 460 (82.7%) were 
educated to undergraduate or above, 397 (71.4%) were 
unmarried, 324 (58.3%) lived alone, and 204 (36.7%) 
reporting household income less than 10,000 yuan per 
month (Table 1).

Latent classes of depressive symptom trajectories
Table  2 shows the results of the LCTM fitting process. 
According to the criteria, the 3-class LCTM model was 
selected as the best fit of our data. Although the 2-class 
model showed a lower BIC, the AIC and aBIC were 
slightly higher, and the entropy was lower. As shown in 
Fig. 1, three distinct trajectories of depressive symptoms 
were identified in 556 patients with MDD, which were 
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labeled as the improving class (n = 371, 66.7%), the mod-
erate decreasing class (n = 154, 27.7%), and the persistent 
high class (n = 31, 5.6%).

In the improving class, the depressive symptoms 
scores steadily decreased throughout 12-week follow-
up, and were ultimately below the cut-off value (≥ 10). 
In the moderate decreasing class, the depressive symp-
toms scores gradually decreased throughout follow-
up, but were still above the cut-off value. The persistent 
high class maintained high scores throughout follow-up. 
There were significant differences in the distribution of 
lifestyle factors, and psychological and clinical character-
istics across depressive symptoms trajectories (Table S2).

Baseline predictors of depressive symptom trajectories
As presented in Table  3, after including the potential 
covariates (with p < 0.05 in the univariate analysis), com-
pared to the improving class, the moderate decreas-
ing class was associated with household income (OR: 
0.49, 95% CI: 0.30–0.81 for 10,000–19999 yuan/month), 
current smoking (OR: 1.73, 95% CI: 1.12–2.67), anxi-
ety symptoms at baseline (OR: 1.08, 95% CI: 1.03–1.13), 
depressive symptoms at baseline (OR: 1.09, 95% CI: 1.03–
1.15), and recurrent MDD (OR: 0.61, 95% CI: 0.41–0.91). 
Besides, compared to the improving class, the persistent 
high class was associated with female (OR: 3.34, 95% CI: 
1.16–9.67), current smoking (OR: 2.62, 95% CI: 1.10–
6.22), current drinking (OR: 4.09, 95% CI: 1.58–10.63), 
anxiety symptoms at baseline (OR: 1.17, 95% CI: 1.03–
1.33), and depressive symptoms at baseline (OR: 1.49, 
95% CI: 1.25–1.78). Specially, current drinking (OR: 4.18, 
95% CI: 1.62–10.76) and depressive symptoms at baseline 
(OR: 1.37, 95% CI: 1.15–1.64) were associated with the 
persistent high class compared to the moderate decreas-
ing class.

Table 1  Baseline characteristics of patients with major 
depressive disorder

Variable Overall (n = 556)

Demographic characteristics
Sex
  Male 175 (31.5)

  Female 381 (68.5)

Age (years), median (IQR) 26.0 (22.0, 30.0)

Education level
  Undergraduate or above 460 (82.7)

  Below undergraduate 95 (17.1)

  Missing data 1 (0.2)

Living arrangement
  Single 324 (58.3)

  With relatives 81 (14.6)

  With non-relatives 140 (25.2)

  Missing data 11 (2.0)

Marital status
  Single 397 (71.4)

  Married 138 (24.8)

  Divorce/ Widowed 20 (3.6)

  Missing data 1 (0.2)

Household income
  < 10,000 yuan/month 204 (36.7)

  10,000–19999 yuan/month 137 (24.6)

  ≥ 20,000 yuan/month 169 (30.4)

  Missing data 46 (8.3)

Lifestyle factors and health status
Current smoking
  No 396 (71.2)

  Yes 151 (27.2)

  Missing data 9 (1.6)

Current drinking
  No 283 (50.9)

  Yes 269 (48.4)

  Missing data 4 (0.7)

Chronic disease
  No 375 (67.4)

  Yes 181 (32.6)

Exercise habit
  No 413 (74.3)

  Yes 139 (25.0)

  Missing data 4 (0.7)

Psychological and clinical characteristics
Anxiety symptoms score, median (IQR) 14.0 (11.0, 18.0)

Resilience score, median (IQR) 37.0 (27.0, 45.0)

Childhood trauma, median (IQR) 46.0 (38.0, 54.0)

Depressive symptoms, median (IQR) 20.0 (16.0, 23.0)

First-onset MDD
  Yes 358 (64.4)

  No 198 (35.6)

Unless otherwise indicated, data are expressed as No. (%) of participants. The 
Kruskal–Wallis H test for quantitative variables and the chi-square test for 
categorical variables were performed

Abbreviation: IQR interquartile range, MDD major depressive disorder, SSRIs 
selective serotonin reuptake inhibitors

Table 1  (continued)

Variable Overall (n = 556)

Use of antidepressants
  SSRIs only 154 (27.7)

  Other antidepressants only 300 (54.0)

  Combination of SSRIs and other antidepressants 102 (18.3)

Family history of MDD
  No 496 (89.2)

  Yes 60 (10.8)
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Association of depressive symptom trajectories 
with subsequent quality of life and suicidal ideation
As shown in Table 4, after adjusted for potential covari-
ates, compared to improving class, the moderate decreas-
ing class (β: −3.737, 95% CI: −6.504 to −0.970) and 
persistent high class (β: −11.012, 95% CI: −16.608 to 
−5.417) were associated with poorer PCS. Similarly, com-
pared to improving class, the moderate decreasing class 
(β: −2.926, 95% CI: −5.467 to −0.385) and persistent high 
class (β: −7.672, 95% CI: −12.834 to −2.509) were associ-
ated with decreased risks of MCS. However, compared to 
improving class, only persistent high class (β: 1.761, 95% 
CI: 1.024 to 2.498) was associated with an increased risk 
of suicidal ideation.

Discussion
In this study, we delineated three distinct trajectories of 
depressive symptoms throughout a 12-week treatment 
period in patients with MDD, characterized by persis-
tent high, moderate decreasing, and improving depres-
sive symptoms. We also noted that individuals who were 
female, reported current smoking, current drinking and 
exhibited heightened levels of anxiety and depressive 
symptoms at baseline were more likely to belong to the 
persistent high class. Furthermore, membership in the 
persistent high class was associated with an elevated 
risk for diminished quality of life and suicidal ideation 
subsequently.

We identified three distinct depressive symptom trajec-
tories, highlighting the heterogeneity in the progression 

Table 2  Fit statistics and class membership for the trajectory models

Abbreviations: AIC Akaike’s Information Criterion, BIC Bayesian Information Criterion, aBIC sample-size adjusted BIC, APPA Average posterior probability assignment

Proportions per class (%)

Number of 
classes

AIC BIC aBIC Entropy APPA Class 1 Class 2 Class 3 Class 4 Class 5

1 12,693.39 12,723.63 12,701.41 - 100.0

2 12,596.97 12,648.82 12,610.73 0.57 0.882/0.851 66.4 33.6

3 12,589.48 12,662.93 12,608.97 0.69 0.882/0.827/0.789 66.7 5.6 27.7

4 12,571.12 12,666.17 12,596.33 0.71 0.863/0.874/0.827/0.671 64.4 1.4 27.3

5 12,564.05 12,680.71 12,595.00 0.62 0.736/0.722/0.818/0.808/0.698 23.9 44.8 1.6 17.3 12.4

Fig. 1  Predicted trajectories of depressive symptoms for each class
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of depressive symptoms in patients with MDD. Our find-
ings align with those of Wang et al. [12], who identified 
distinct symptom trajectories in a Chinese cohort with 
MDD, underscoring the applicability of LCTM in under-
standing depressive symptom progression. In our study, 
approximately two-thirds of the patients with MDD 

were classified into the improving class, where they had 
severe depressive symptom at baseline and experienced 
significant improvement in their symptoms over the fol-
low-up period. This pattern of improvement aligns with 
prior research in adults and adolescents, with the major-
ity of patients with MDD demonstrating a positive trend 

Table 3  Multinomial logistic regression: baseline predictor variables for depressive symptoms trajectories

Adjusted model incorporated variables including age, sex, marital status, household income, current smoking, current drinking, exercise habit, chronic disease, 
anxiety symptoms, resilience, childhood trauma, depressive symptoms at baseline, first-onset MDD and use of antidepressants

Abbreviation: MDD major depressive disorder, COR crude odds ratio, AOR adjusted odds ratio, CI confidence interval, SSRIs selective serotonin reuptake inhibitors
a  Improving class was used as the reference group
b  Moderate decreasing class was used as the reference group
c  Continuous variable

Moderate decreasing class
vs. improving class a

Persistent high class
vs. improving classa

Persistent high class
vs. moderate decreasing classb

Variable Unadjusted model Adjusted model Unadjusted model Adjusted model Unadjusted model Adjusted model

COR (95%CI) AOR (95%CI) COR (95%CI) AOR (95%CI) COR (95%CI) AOR (95%CI)

Demographic characteristics
Sex (Ref. = Male)
  Female 1.26 (0.88, 1.82) 1.26 (0.83, 1.92) 2.52 (1.04, 6.09) 3.34 (1.16, 9.67) 1.99 (0.80, 4.97) 2.65 (0.92, 7.61)

Age (years)c 0.97 (0.94, 0.99) 0.99 (0.95, 1.03) 0.98 (0.93, 1.03) 1.01 (0.93, 1.10) 1.01 (0.96, 1.07) 1.02 (0.94, 1.11)

Marital status (Ref. = Single)
  Married 0.63 (0.42, 0.95) 0.69 (0.40, 1.18) 0.41 (0.15, 1.07) 0.29 (0.07, 1.23) 0.64 (0.23, 1.76) 0.43 (0.10, 1.80)

  Divorce/ Widowed 1.02 (0.40, 2.59) 0.74 (0.24, 2.29) 1.64 (0.38, 7.01) 0.77 (0.12, 4.72) 1.61 (0.35, 7.49) 1.03 (0.17, 6.20)

Household income (Ref. = less than 10,000 yuan/month)
  10,000–19999 yuan/
month

0.42 (0.27, 0.66) 0.49 (0.30, 0.81) 0.27 (0.07, 0.99) 0.41 (0.09, 1.91) 0.63 (0.17, 2.38) 0.83 (0.18, 3.77)

  ≥ 20,000 yuan/month 0.53 (0.34, 0.84) 0.62 (0.37, 1.01) 0.94 (0.42, 2.13) 1.62 (0.59, 4.46) 1.76 (0.76, 4.10) 2.63 (0.94, 7.39)

Lifestyle factors and health status
Current smoking (Ref. = No)
  Yes 1.53 (1.05, 2.21) 1.73 (1.12, 2.67) 2.91 (1.49, 5.70) 2.62 (1.10, 6.22) 1.91 (0.94, 3.84) 1.51 (0.64, 3.56)

Current drinking (Ref. = No)
  Yes 1.00 (0.71, 1.40) 0.98 (0.67, 1.44) 3.51 (1.60, 7.70) 4.09 (1.58, 10.63) 3.51 (1.56, 7.89) 4.18 (1.62, 10.76)

Chronic disease (Ref. = No)
  Yes 1.33 (0.94, 1.89) 1.36 (0.91, 2.03) 2.13 (1.09, 4.14) 1.87 (0.80, 4.38) 1.60 (0.80, 3.21) 1.38 (0.59, 3.19)

Exercise habit (Ref. = No)
  Yes 0.67 (0.45, 1.01) 0.84 (0.53, 1.32) 0.27 (0.09, 0.86) 0.34 (0.09, 1.28) 0.41 (0.13, 1.31) 0.41 (0.11, 1.53)

Psychological and clinical characteristics
Anxiety symptoms 
scorec

1.11 (1.07, 1.16) 1.08 (1.03, 1.13) 1.31 (1.18, 1.45) 1.17 (1.03, 1.33) 1.18 (1.06, 1.31) 1.09 (0.96, 1.24)

Resilience scorec 0.97 (0.96, 0.99) 0.99 (0.97, 1.00) 0.95 (0.92, 0.97) 0.97 (0.95, 1.00) 0.97 (0.95, 1.00) 0.98 (0.96, 1.01)

Childhood trauma scorec 1.02 (1.00, 1.03) 1.00 (0.99, 1.02) 1.04 (1.02, 1.06) 1.01 (0.98, 1.04) 1.02 (1.00, 1.04) 1.00 (0.98, 1.03)

Depressive symptoms 
score at baselinec

1.16 (1.11, 1.22) 1.09 (1.03, 1.15) 1.67 (1.44, 1.93) 1.49 (1.25, 1.78) 1.45 (1.25, 1.68) 1.37 (1.15, 1.64)

First-onset MDD (Ref. = Yes)
  No 0.57 (0.39, 0.82) 0.61 (0.41, 0.91) 0.42 (0.19, 0.94) 0.53 (0.20, 1.37) 0.75 (0.33, 1.72) 0.86 (0.33, 2.25)

Use of antidepressants (Ref. = SSRIs only)
  Other antidepressants 
only

0.77 (0.52, 1.15) 0.86 (0.55, 1.32) 1.06 (0.49, 2.30) 1.04 (0.38, 2.85) 1.37 (0.61, 3.09) 1.21 (0.44, 3.30)

  Combination of SSRIs 
and other antidepressants

1.61 (1.00, 2.57) 1.66 (0.99, 2.79) 1.01 (0.35, 2.86) 0.59 (0.15, 2.32) 0.62 (0.21, 1.82) 0.36 (0.09, 1.37)
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in depressive symptom reduction [12, 45]. Conversely, a 
majority of patients were categorized within the persis-
tent high class, demonstrating a sustained presence of 
severe depressive symptoms throughout the 12-week 
treatment. Similarly, a secondary analysis of data from 
the Treatment for Adolescents Depression Study corrob-
orated these findings, with 15.5% of participants showing 
high-severity depressive symptoms with minimal change 
during the 12-week follow-up [10]. Furthermore, existing 
literature suggests significant associations between the 
severity of depressive symptoms and an increased like-
lihood of relapse and recurrence [46]. Considering the 
potential adverse outcomes, although it is possible that 
only a small proportion of patients with MDD exhibited 
persistent severe depressive symptoms, timely identifi-
cation of risk factors indicating the persistent high class 
is important for tailoring more effective interventions 
aimed at enhancing treatment outcomes and prognosis.

Our results indicated that females are more likely to 
develop the persistent high class. As noted in the lit-
erature, sex differences in MDD are well-documented, 
with females being more likely to experience MDD and 
to report more severe symptoms [47, 48]. This differ-
ence may be attributed to the impact of ovarian hor-
mones on the hypothalamic–pituitary–adrenal (HPA) 
axis and brain circuits critical to the stress response, and 
thus women may be more susceptible to emotional dys-
regulation after undergoing psychosocial stress [49, 50]. 
Additionally, sex has been shown to influence the trajec-
tory of depressive symptoms, with females often exhib-
iting a higher risk of persistent depressive symptoms, 

particularly in the context of hormonal changes [15, 48]. 
Consistent with Scott et al. [10], our study also suggests 
that patients with severe baseline depressive and anxiety 
symptoms are more likely to follow a trajectory of persis-
tent severity, necessitating early interventions to mitigate 
long-term adverse effects. Similarly, patients exhibiting 
higher baseline symptom severity were more likely to fol-
low a trajectory of minimal improvement during the ini-
tial phase of treatment [11]. Therefore, it is suggested that 
future research should explore the potential for the symp-
tom scores during early treatments to create a trend that 
predicts subsequent symptom trajectories and outcomes, 
which could bring insights to clinical practice. Further-
more, our study indicated that patients in the moderate 
decreasing and persistent high classes exhibited lower 
resilience compared to improving class. Univariate analy-
ses also indicated that higher resilience was linked to a 
reduced risk of developing into the moderate decreasing 
or persistent high classes. Although the predictive signifi-
cance of resilience did not hold in multivariate models, 
psychological resilience may play a protective role in the 
development of depressive symptom. Previous evidence 
proposed that a framework of interventions to enhance 
psychological resilience may be beneficial to improve 
stress recovery, increase positivity, and adopt the appro-
priate coping strategy. Such interventions may help to 
prevent the long-term maintenance of severe depressive 
symptoms and mitigate the risk of relapse [51].

Our results indicated that patients with MDD who 
exhibited persistent high depressive symptoms through-
out the 12-week treatment were at an increased risk of 

Table 4  Association of depressive symptom trajectory with subsequent quality of life and suicidal ideation

Model 1 was adjusted for follow-up time

Model 2 was adjusted for follow-up time, age, sex, household income, current smoking, current drinking, exercise habit and chronic disease

Model 3 was adjusted as Model 2 plus anxiety symptoms, resilience, childhood trauma, first-onset MDD and use of antidepressants

Abbreviation: PCS Physical composite summary, MCS Mental composite summary, CI confidence interval

Variable Model 1 Model 2 Model 3
β (95% CI) P β (95% CI) P β (95% CI) P

PCS
  Improving class Reference Reference Reference

  Moderate decreasing class −12.737 (−15.967, −9.506)  < 0.001 −11.494 (−14.697, −8.292)  < 0.001 −3.737 (−6.504, −0.970) 0.008

  Persistent high class −32.621 (−38.983, −26.260)  < 0.001 −31.305 (−37.552, −25.057)  < 0.001 −11.012 (−16.608, −5.417)  < 0.001

MCS
  Improving class Reference Reference Reference

  Moderate decreasing class −15.000 (−18.418, −11.583)  < 0.001 −13.801 (−17.230, −10.371)  < 0.001 −2.926 (−5.467, −0.385) 0.024

  Persistent high class −36.947 (−43.689, −30.206)  < 0.001 −36.178 (−42.882, −29.473)  < 0.001 −7.672 (−12.834, −2.509) 0.004

Suicidal ideation
  Improving class Reference Reference Reference

  Moderate decreasing class 1.310 (0.899, 1.721)  < 0.001 1.043 (0.645, 1.441)  < 0.001 0.216 (−0.150, 0.582) 0.247

  Persistent high class 4.120 (3.311, 4.928)  < 0.001 3.904 (3.128, 4.680)  < 0.001 1.761 (1.024, 2.498)  < 0.001
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developing suicidal ideation. A longitudinal study con-
ducted by Melhem et  al. demonstrated that individuals 
with persistent high depressive symptoms face a height-
ened risk of suicidal ideation, paralleling our findings 
and underscoring the critical need for targeted suicide 
prevention strategies [26]. Existing evidence indicated 
that patients with persistent depressive disorder were 
more likely to have a higher rate of suicidal behavior 
[46]. One plausible explanation for this association is 
that individuals in the persistent high class may endure 
severe symptoms during the early period, potentially 
leading to feelings of hopelessness regarding their men-
tal health, thereby exacerbating the risk of suicidal 
behaviors [52]. Furthermore, neuroimaging studies have 
found that individuals with severe depressive symptoms 
often show structural abnormalities in brain regions 
involved in emotional regulation, such as the amygdala 
and prefrontal cortex [53, 54]. These abnormalities may 
be linked to persistent depressive symptom trajectories 
and an increased risk of poor outcomes, such as suicidal 
behaviors.

Additionally, divergent trajectories of depressive symp-
toms over 12-week treatment predicted differential risks 
of subsequent quality of life associated with each trajec-
tory. This strategy can be useful to identify people at risk 
for diminished quality of life more accurately, as com-
pared to a single observation of depression. Our results 
indicated that individuals with moderate decreasing or 
persistent high depressive symptoms were at an elevated 
risk of diminished quality of life, which was consistent 
with previous studies. A cohort study also indicated that 
patients with persistent depression were associated with 
subsequent poor MCS scores [25]. Similarly, Terrill et al. 
suggested that minimal responders in patients with MDD 
were more likely to have lower well-being after receiv-
ing fewer days of treatment [11]. One potential biologi-
cal mechanism that could explain these findings is the 
dysregulation of the neurotransmitter systems, such as 
serotonin and dopamine, which are often implicated in 
the pathophysiology of MDD [55]. Dysregulation of these 
systems may contribute to the severity and persistence of 
depressive symptoms, as well as the associated decline 
in quality of life [4, 56]. Our results highlight the critical 
role of symptom severity and fluctuation as indicators of 
suicidal behaviors and quality of life. By elucidating the 
progression patterns in the course of depressive symp-
toms, we could show the dynamic change of depressive 
symptoms, contributing to tailoring measures to different 
groups to reduce the likelihood of suicidal behavior and 
enhance their quality of life.

The characterization of patients’ symptom trajectories 
throughout the treatment process is instrumental in dis-
cerning distinct subgroups of treatment responses within 

a given population. If a patient is categorized as following 
a symptom trajectory as one that is likely to culminate in 
a positive response, the clinician can be confident that 
the current treatments are contributing to the intended 
therapeutic changes. Furthermore, our study revealed 
associations between baseline characteristics and the 
membership of symptom trajectories. This informa-
tion could be invaluable in the stratification of patients 
into the most appropriate levels of care prior to initiat-
ing treatment. Such targeted allocation of resources and 
interventions can significantly enhance the subsequent 
well-being of the patients, ensuring that they receive 
the most appropriate and efficacious treatment from the 
outset.

An overarching strength of our study is the compre-
hensive longitudinal assessment of depressive symp-
toms at multiple time points during the early treatment 
phase. Using the latent class trajectory model, we have 
delineated distinct symptom trajectories, which pro-
vides a refined characterization of patients’ therapeu-
tic responses in the initial stages. Moreover, we also 
explored the associations of these trajectories with base-
line characteristics and subsequent quality of life and 
suicidal ideation. By identifying high-risk groups from a 
population-based perspective, this approach might facili-
tate effective prevention and early treatment targeted to 
those at a higher risk, contributing to improving long-
term well-being.

The results of our study should be interpreted within 
the context of several limitations. First, this study was 
conducted with participants receiving treatment in a 
single city, which may limit the generalizability of our 
results. Further research should be conducted among 
participants from more locations and with a wider range 
of demographic characteristics. Second, our analyses 
were performed based on assigned trajectories, and did 
not take into account the uncertainty in class member-
ship of each individual. Nevertheless, the satisfactory 
posterior probabilities of class membership suggest a 
robust classification. Third, the self-administered ques-
tionnaires were used in each survey, which could not rule 
out the possibility of recall bias.

Conclusion
This study employed latent class trajectory models to 
delineate the depressive symptom trajectories during the 
acute treatment period in patients with, providing invalu-
able insights for clinical practice. Notably, the presence of 
severe anxiety and depressive symptoms at baseline was 
significantly linked to a higher likelihood of belonging 
to the persistent high symptom trajectory. Furthermore, 
individuals within the persistent high symptom group 
exhibited the highest risk for deterioration in quality of 
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life and emergency of suicidal ideation. The identifica-
tion of these trajectories allows for the early detection of 
patients deviating from expected recovery trajectories, 
thereby enabling clinicians to modify treatment strategies 
in a timely manner to mitigate adverse outcomes across 
multiple domains. Future longitudinal studies are essen-
tial to confirm these findings across varied populations, 
as noted by Xiang et al. [15], who explored similar trajec-
tories of depressive symptoms in older adults, emphasiz-
ing the broader applicability of this approach.
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