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Abstract
Subclinical depressive symptoms and the associated risk of cognitive deficits have been overlooked. We aimed 
to investigate depressive symptom trajectories and the effect of depressive symptoms on cognitive performance 
among Chinese adolescents. The research population of our study was 1314 adolescents aged 10–15 years old 
from the China Family Panel Studies. The Center for Epidemiologic Studies Depression Scale was used to assess 
the depressive symptoms of adolescents. Vocabulary and mathematics tests were used to test fluid intelligence. 
Memory and number series tests were used to test crystal intelligence. The 6-year depressive symptom trajectories 
of adolescents were identified by the latent class mixed model. Linear regression models and Generalized 
Estimating Equation models were applied to test the associations between depressive symptom trajectories 
and cognitive performance. We identified three distinct trajectories of depressive symptoms: (a) low depressive 
symptom trajectory (88.51%), (b) remitting depressive symptom trajectory (5.86%), (c) decreasing depressive 
symptom trajectory (5.63%). We found that decreasing depressive symptom trajectory predicted worse fluid 
intelligence (β: -0.51, 95% CI: -0.88, -0.13) and crystal intelligence (β: -2.09, 95% CI: -3.78, -0.41) compared with 
low depressive symptom trajectory. Gender-stratified analysis showed that the negative association between 
depressive symptoms trajectory and crystal intelligence was only found in males. Depressive symptom episodes in 
early adolescence were associated with worse cognitive performance later. Performing mental health screenings, 
especially during the sensitive windows of cognitive development, is critical to reducing the negative impact of 
depressive symptoms.
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Introduction
Depression is a common medical condition, with a global 
prevalence of about 4.4% and a lifetime prevalence of 
10–15%. A person with depression may suffer from low 
quality of life, sleep disorders, academic failure, marital 
conflicts, and even suicide [1]. A crucial aspect worth 
mentioning is that cognitive deficits are a key feature of 
depressive disorder [2]. Cognitive deficits in attention, 
memory, learning, process speed and executive func-
tion have been observed in people who have experienced 
depression [3–5].

Childhood and adolescence were thought to be the 
onset of depression and the occurrence of depres-
sion rises dramatically during adolescence [6, 7]. The 
12-month prevalence of major depressive disorder 
among adolescents assessed was reported to be about 
13% [8]. For those adolescents at a sensitive time of brain 
development [9], studies have shown that adolescents 
with major depressive disorder have deficits in sustained 
attention and motor processing speed [10, 11]. Cognitive 
development during adolescence plays a pivotal role in 
shaping individuals’ future physical and mental health, as 
well as their academic and economic outcomes [12, 13]. 
This is particularly salient for Chinese adolescents, who 
experience heightened academic pressure due to highly 
competitive educational environment, including college 
entrance examinations. Such pressures may exacerbate 
depressive symptoms and negatively impact cognitive 
development, making this population particularly vulner-
able [14]. However, the existing research on the associa-
tion between depression and cognitive performance in 
adolescents exhibits several weaknesses. Former studies 
mostly focused on adolescents with clinically diagnosed 
depression such as major depressive disorder [10, 11], 
while ignoring the potential and high-risk young people 
who had subclinical depressive symptoms without diag-
nosis. Depressive symptoms are a major manifestation 
of depressive disorder [15]. The global prevalence of 
aggravated self-reported depressive symptoms among 
adolescents is 34% [16]. Early screening for depressive 
symptoms can be useful to identify patients who may 
need further help.

Additionally, most studies have assessed depression at 
a single time point, which might omit the intrinsic vari-
ability of symptoms or the longitudinal course of depres-
sive symptoms. Particularly, the courses of depressive 
symptoms appear to vary over time. The associations 
between the different courses of depressive symptoms 
and the later risk of dementia have been found in older 
adults. It has been stated that high and increasing levels 
of depression predict the risk of dementia [17–19]. Yet, 
during an essential period of biological, cognitive, and 
emotional development in adolescence [20], there is a 
paucity of data about the possible associations between 

the trajectories of depressive symptoms and cognitive 
performance. Since cognitive impairment is a long-term 
process, continuously assessing depression in relation to 
cognitive performance may provide more information 
than a single test.

Hence, in this study, we first investigated the depressive 
symptom trajectories in adolescents through a longitudi-
nal survey. Besides, we assessed the associations between 
different trajectories of depressive symptoms and later 
cognitive performance among Chinese adolescents fol-
lowed up longitudinally based on the China Family Panel 
Studies (CFPS).

Materials and methods
Study population and design
The research population comes from the CFPS, which 
is an ongoing national investigation in China. The sur-
vey covers 25 of China’s 31 provinces (or municipali-
ties), which represent 95% of the country’s population. It 
was launched by the Institute of the Study of Social Sci-
ence (ISSS) of Peking University. The baseline survey of 
the program was conducted in 2010 and the follow-up 
surveys were conducted every two years, with the most 
recent one in 2020. Participants’ depressive symptoms 
were first investigated in 2012, and follow-up surveys 
were conducted in 2016 and 2018. The subjects in our 
study were adolescents aged 10–15 years old in 2012.

The investigation in 2012 was the baseline and it con-
tained the depressive symptoms measured in adolescent 
participants in 2012. Of all the adolescents included in 
the CFPS data, 2679 adolescents between the age of 10 
and 15 completed the depressive symptoms survey. In 
the subsequent survey in 2016 and 2018, some teens were 
missed from follow-up. Finally, 1314 individuals who 
participated in all three investigations (2012, 2016, 2018) 
were retained in our analysis. The details are presented in 
Figure S1.

The CFPS study involving human participants has 
been ethically approved by the Peking University Bio-
medical Ethics Review Committee (Approval number: 
IRB00001052-14010). Written informed consent was 
obtained from the parents or legal guardians of all par-
ticipants, and assent was obtained from the adolescents 
themselves prior to their participation in the study [21].

Measures
Depressive symptoms
The Center for Epidemiologic Studies Depression Scale 
(CES-D) was used to assess the depressive symptoms 
of adolescents. The CES-D is a 0–3 points Likert scale 
which can be ranged from 0 (less than 1  day a week) 
to 3 (5–7 days a week) [22]. The prior study has shown 
that Cronbach’s α coefficient of this scale is 0.73–0.88 
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[23], and it has been widely used in China to screen for 
depressive symptoms in a variety of settings [9, 24].

In the 2012 wave, the 20-item (CES-D20), full of the 
scale was used. However, due to the low acceptance 
among the respondents, a simplified 8-item version 
(CES-D8) was used in 2016 and 2018. At the same time, 
to effectively compare depression scores between rounds, 
1/5 of the respondents were selected to continue using 
CES-D20 and the remaining 4/5 were selected to use 
CES-D8 in 2016 [25]. The CFPS project team then used 
a percentile equalization method to generate scores that 
are comparable to the 20 items in 2016 and 2018. The 
higher the depressive scores, the greater level of depres-
sive symptoms [26].

Cognitive function assessment
The CFPS has established four types of cognitive tests: 
vocabulary tests, mathematics tests, memory tests, and 
number series tests. To reduce the length of the interview, 
the team divided the four types of cognitive tests into two 
groups and used them sequentially according to the sur-
vey rounds. Cognitive ability is generally considered to be 
made up of “crystal intelligence” and “fluid intelligence”. 
In 2014 and 2018, mathematics tests and vocabulary tests 
were used to evaluate “crystal intelligence”, which refers 
to the skill acquired through the accumulation of prior 
knowledge and experience [27]. The program used two-
word recall tasks (immediate recall and delayed recall) 
to measure the participants’ short-term and long-term 
memory [28]. Based on the prototype of the Health and 
Retirement Study (HRS), these memory tests and num-
ber series tests were used to estimate “fluid intelligence”, 
which refers to the ability to reason and solve difficulties 
in certain special situations [9]. The cognitive variables 
included in this study were selected based on their estab-
lished relevance to adolescent cognitive development 
and their use in prior studies. These variables have been 
validated in Chinese populations and are sensitive to the 
cognitive changes associated with depressive symptoms 
[29, 30]. As for the four types of tests, the higher scores 
indicate greater cognitive ability.

Covariates
We considered the characteristics of adolescents, par-
ents, and household characteristics as covariates. Ado-
lescents’ characteristics included age and gender, and 
parents’ characteristics included parental age, occupa-
tional status, educational level, and whether parents have 
lived with the adolescent for more than 8 months in the 
past year. Household characteristics include net income 
in the last year and the living place (urban/rural). Then 
in the sensitivity analysis, we included parents’ cognitive 
ability and depressive scores in 2012. Another 5 variables 
which may be associated with early childhood cognition 

were included as follows: (1) the gestational age of the 
child, (2) the age children begin to walk, (3) the age chil-
dren can speak complete sentences, (4) the age children 
can count from 1 to 10, (5) the age children can urinate 
independently.

Statistical analysis
First, a descriptive analysis was adopted to summarize 
and explore the variables. The quantitative variables were 
expressed by using mean and standard deviation (M ± SD) 
and qualitative variables were expressed by using counts 
or percentages. One-way analysis of variance (ANOVA) 
and repeated-measures data ANOVA were adopted to 
compare the depression scores of different trajectory 
classifications in the same year and the depression scores 
of the same trajectory in 2012, 2016, and 2018.

The latent class mixed model (LCMM) was performed 
to identify the class of adolescent trajectories of depres-
sion symptoms over time. The LCMM consisted in 
assuming that the population is heterogeneous and com-
posed of G latent classes of subjects characterized by G 
mean profiles of trajectories. To choose the best number 
of classes, LCMM with different class numbers (2 to 5) 
were evaluated and compared in the following aspects: 
(1) the minimum Bayesian Information Criterion (BIC), 
(2) whether the entropy was closer to one, (3) the pos-
terior probabilities by class (> 0.7) and class size (≥ 2%) 
[18, 31]. The model was performed by using the package 
“lcmm” in R software [31].

We then tested the associations between different 
depressive symptom trajectories and adolescent cog-
nitive development by using linear regression models. 
Besides, the Generalized Estimating Equation (GEE) 
models were applied to test the longitudinal associations 
between depressive symptom trajectories and cognitive 
performance. GEE is suitable for longitudinal data analy-
sis where missing data can exist [32, 33]. In both the lin-
ear regression models and GEE models, we adjusted the 
adolescents’ age and gender in the crude models and the 
parental and household characteristics were included in 
fully adjusted models. We also analyzed the gender-spe-
cific effects that differ between males and females in the 
fully adjusted GEE models.

Except the fully adjusted models, we conducted four 
sets of sensitivity analyses to test the robustness of our 
results in GEE models, additionally. We added respec-
tively, (1) parents’ cognitive performance in 2012, (2) 
parents’ depressive scores in 2012, and (3) five variables 
which may be associated with early childhood cognition. 
All analyses were based on SPSS 23.0.
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Results
Depressive symptoms trajectories of adolescents
In this study, a total of 1314 adolescents who had par-
ticipated in three tests of depressive symptoms were 
included in the analysis. The characteristics of 1314 indi-
viduals and their parents in the baseline are displayed 
in Table 1. The average age of 1314 adolescents in 2012 
was 12.42 ± 1.70 years and 47.6% of them were girls. The 
adolescents’ cognitive ability during toddlerhood was 
displayed in Table 1. Table S1 displays the distribution of 
characteristics of children excluded and involved in this 
study. We did not observe a statistically significant dif-
ference in the distribution of depressive symptom scores 
between the two groups. In comparison to the children 
encompassed in this study, the excluded children were 
older (12.77 years vs. 12.42 years), had a larger propor-
tion of mothers with an education of six years or less 
(63.5% vs. 59.0%), a higher percentage of fathers living 
together with children for more than 8 months per year 
(52.0% vs. 48.0%), but a lower percentage of mothers liv-
ing with their children for more than 8 months per year 
(63.9% vs. 73.5%).

Figure  1 displays the depressive symptom trajectories 
of 1314 adolescents from 2012 to 2018. Based on the 
LCMM, the 3-trajectory solution for depressive symp-
toms was optimum and provided a good overall clas-
sification with posterior probabilities of 0.79, 0.96, and 
0.80. The 3-class model solution consisted of (a) low 
depressive symptom trajectory characterized by persis-
tent low depression scores (1163[88.51%]), (b) remitting 
depressive symptom trajectory (77[5.86%]) referred to as 
an acute rise and then recovery trajectory of depressive 
symptoms, (c) decreasing depressive symptom trajec-
tory (74[5.63%]) characterized by high depression scores 
in early adolescence but then decreased slowly. The fit 
parameters of the latent class mixed model are shown in 
Table S2, with the best-fitting model bolded in the table.

One-way ANOVA showed that mothers of the adoles-
cents with remitting depressive symptom trajectory had 
fewer years of education compared with the adolescents 
with low depressive symptoms trajectory (≥ 10 years 
of schooling: 1.9% vs. 13.8%). Repeated-measures data 
ANOVA showed that the depression scores of different 
trajectory classes in the same year showed statistical dif-
ference. Mean score of depressive symptoms differed 
across waves of 3-class depressive symptom trajecto-
ries. The results of the ANOVA were displayed in Tables 
S3-S4.

Associations of cognitive performance and depressive 
symptom trajectories of adolescents
The results of linear regression analysis are displayed in 
Table 2. In the adjusted model, the decreasing depressive 
symptom trajectory was associated with lower immediate 

word recall scores in 2012 compared to the low depres-
sive symptom trajectory (β: -0.69, 95% CI: -1.16, -0.23). 
While the remitting depressive symptom trajectory was 
associated with lower number series test scores in 2016 
(β: -10.47, 95% CI: -18.83, -2.10). In the vocabulary test 
and mathematics test, the decreasing depressive symp-
tom trajectory was negatively associated with vocabulary 
test scores in both years 2014 (β: -2.77, 95% CI: -4.50, 
-1.54) and 2018 (β: -2.00, 95% CI: -3.29, -0.70). The GEE 
model showed longitudinal associations between depres-
sive symptoms trajectory and cognitive ability among 
adolescents and the results are displayed in Table  3. 
In both the crude model and adjusted model, the GEE 
model showed that decreasing depressive symptom tra-
jectory was associated with lower immediate word recall 
scores and vocabulary test scores compared with low 
depressive symptom trajectories.

In addition, we conducted four sets of sensitivity analy-
ses and the results were displayed in Table S5. The above 
correlations were generally robust after adjusting for ado-
lescents’ cognitive ability during toddlerhood, parental 
cognitive ability, and depression in 2012 respectively.

Gender-Stratified associations between depression class 
and adolescent’s cognitive ability
The results of gender-stratified associations between 
depression class and adolescents’ cognitive ability are 
displayed in Table  4. The gender-stratified association 
analysis showed that the associations between depres-
sive symptoms trajectory and cognitive ability were sig-
nificant in males which was consistent with the primary 
analysis. In males, the decreasing depressive symptoms 
trajectory was associated with lower cognitive ability, 
including immediate word recall scores (β: -0.68, 95% 
CI: -1.17, -0.19), vocabulary test scores (β: -2.68, 95% CI: 
-5.11, -0.25) and mathematics test scores (β: -1.95, 95% 
CI: -3.79, -0.12). The remitting depressive symptoms tra-
jectory was associated with lower delayed word recall 
scores in males (β: -0.59, 95% CI: -1.16, -0.02) and num-
ber series test scores in females (β: -12.83, 95% CI: -22.83, 
-3.13).

Discussion
In this study, we identified three distinct trajectories of 
depressive symptoms characterized by low, decreasing, 
and remitting and assessed the associations between 
depressive symptom trajectories and cognitive perfor-
mance among adolescents based on a nationwide cohort 
study. We underlined the age-sensitivity of the detri-
mental effects of depressive symptoms on later cognitive 
performance. Depressive symptoms in early adolescence 
could predict worse fluid and crystallized intelligence for 
later. The associations between different classifications of 
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Table 1  The characteristics of the 1314 participants
Characteristics M ± SD /Percentages Low 

symptoms 
(n = 1163)

Remitting 
symptoms 
(n = 77)

Decreasing 
symptoms 
(n = 74)

Adolescents’ characteristics
  Age in 2012 12.42 ± 1.70 12.45 ± 1.70 12.29 ± 1.85 12.12 ± 1.51
  Gender (female) 625 (47.6%) 556 (47.8%) 39 (50.6%) 30 (40.5%)
Parent’s characteristics
Father’s age in 2012
  ≤ 35 154 (11.7%) 135 (13.1%) 10 (14.3%) 9 (12.9%)
  36–40 473 (36.0%) 423 (41.2%) 21 (30.0%) 29 (41.4%)
  41–45 359 (27.3%) 312 (30.4%) 24 (34.3%) 23 (32.9%)
  ≥46 181 (13.8%) 157 (15.3%) 15 (21.4%) 9 (12.9%)
Occupational status of the father
  Yes 887 (67.5%) 781 (76.0%) 57 (81.4%) 49 (70.0%)
  No 280 (21.3%) 246 (24.0%) 13 (18.6%) 21 (30.0%)
Years of schooling of father
  ≤ 6 years 536 (40.8%) 468 (45.6%) 34 (48.6%) 34 (6.3%)
  7–9 years 396 (30.1%) 349 (34.0%) 24 (34.3%) 23 (32.9%)
  ≥ 10 years 235 (17.9%) 210 (20.4%) 12 (17.1%) 13 (18.6%)
Mother’s age in 2012
  ≤ 35 277 (21.1%) 244 (23.0%) 14 (20.0%) 19 (27.1%)
  36–40 507 (38.6%) 451 (42.5%) 25 (35.7%) 31 (44.3%)
  41–45 315 (24.0%) 278 (26.2%) 23 (32.9%) 14 (20.0%)
  ≥ 46 102 (7.8%) 88 (8.3%) 8 (11.4%) 6 (8.6%)
Occupational status of the mother
  Yes 774 (58.9%) 684 (64.7%) 44 (62.9%) 46 (65.7%)
  No 424 (32.3%) 374 (35.3%) 26 (37.1%) 24 (34.3%)
Years of schooling of mother
  ≤ 6 years 708 (53.9%) 610 (57.5%) 53 (75.7%) * 45 (64.3%)
  7–9 years 339 (25.8%) 305 (28.7%) 14 (20.0%) * 20 (28.6%)
  ≥ 10 years 154 (11.7%) 146 (13.8%) 3 (1.9%) * 5 (7.1%)
The father lived together with the children for more than 8 months in the 
last year, 2012

782 (59.5%) 692 (62.4%) 44 (58.7%) 46 (64.8%)

The mother lived together with the children for more than 8 months in the 
last year, 2012

922 (70.2%) 816 (73.6%) 54 (72.0%) 52 (73.2%)

Household characteristics
Living place
  City 534 (40.6%) 682 (58.8%) 45 (59.2%) 48 (64.9%)
  Rural 775 (59.0%) 477 (89.3%) 31 (40.8%) 26 (35.1%)
Net household income in the last year, 2012
  < 15,000 RMB 305 (23.2%) 271 (23.9%) 13 (17.6%) 21 (28.8%)
  15,000–30,000 RMB (not contain 30000) 312 (23.7%) 273 (24.0%) 14 (18.9%) 25 (34.2%)
  30,000–45,000 RMB (not contain 45000) 240 (18.3%) 213 (18.8%) 18 (24.3%) 9 (12.3%)
  ≥45,000 RMB 426 (32.4%) 379 (33.4%) 29 (6.8%) 18 (24.7%)
Adolescent’s early cognitive ability for sensitive analysis#

  Gestational age of the child (months) 9.32 ± 0.57 9.33 ± 0.57 9.26 ± 0.53 9.22 ± 0.54
  The age begins to walk (months) 14.57 ± 4.79 14.49 ± 4.72 13.85 ± 3.53 16.68 ± 6.26*

  The age to speak complete sentences (months) 20.75 ± 8.23 20.77 ± 8.14 18.82 ± 7.81 22.43 ± 9.76
  The age can count from 1–10 (months) 35.45 ± 15.18 35.31 ± 15.07 33.74 ± 16.30 39.32 ± 15.37*

  The age the child can urinate independently (months) 34.17 ± 13.55 34.08 ± 12.27 32.14 ± 12.27 37.70 ± 13.55*

# Retrospective data about early childhood cognition were from the 2010 investigation. * Different from the low symptoms
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depressive symptom trajectories and later cognitive per-
formance varied in males and females.

Our results suggested that the long-term courses of 
adolescents’ depressive symptoms were highly variable. 
The adolescents with decreasing and remitting depressive 
symptom trajectories experienced transient episodes of 
high depressive symptoms. Some studies have presented 
that the onset of depression that remits subsequently in 
adolescents is relevant to transient stressors, such as aca-
demic difficulties, family stress, and victimization [34]. 
Prospective community studies reported that only 60% 
of adolescent depression persisted into early adulthood, 
which suggested that one-off depressive episodes during 

adolescence are not uncommon [35]. However, limited by 
the follow-up duration, we were unable to assert whether 
the adolescents experienced a subsequent relapse of 
depressive symptoms, and a longer follow-up study is 
warranted. In the Chinese context, socioecological fac-
tors, such as academic pressure, familial expectations and 
cultural stigma surrounding mental health, may contrib-
ute to the onset and course of depressive symptoms in 
adolescents [36]. For example, the intense focus on aca-
demic achievement in China may lead to chronic stress, 
which has been linked to both depressive symptoms and 
cognitive impairments. These factors could explain why 
depressive symptoms in Chinese adolescents exhibit 

Fig. 1  Trajectories of depressive symptoms from 2012–2018
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Table 2  Linear regression analysis of depression class and adolescent’s cognitive ability
Crude modela(95% CI) Adjusted modelb(95% CI)
Low 
symptoms

Remitting 
symptoms

Decreasing 
symptoms

Low 
symptoms

Remitting 
symptoms

Decreasing 
symptoms

Year 2012
  Immediate word recall coefficient Ref. -0.33 (-0.75, 0.09) -0.56 (-1.00, -0.12)* Ref. -0.26 (-0.72, 0.20) -0.69 (-1.16, 

-0.23)**

  Delayed word recall coefficient Ref. -0.15 (-0.61, 0.32) -0.19 (-0.67, 0.30) Ref. -0.07 (-0.58, 0.45) -0.31 (-0.83, 0.21)
  Number series test coefficient Ref. 6.59 (0.01, 

13.16)*
-5.00 (-12.21, 2.20) Ref. 5.62 (-1.91, 13.14) -7.70 (-15.45, 

0.06)
Year 2016
  Immediate word recall coefficient Ref. -0.36 (-0.73, 0.01) -0.34 (-0.71, 0.04) Ref. -0.12 (-0.54, 0.30) -0.26 (-0.66, 0.14)
  Delayed word recall coefficient Ref. -0.82 (-1.36, 

-0.27)**
-0.23 (-0.78, 0.33) Ref. -0.56 (-1.17, 0.05) -0.18 (-0.77, 0.41)

  Number series test coefficient Ref. -6.38 (-14.06, 1.30) -6.08 (-13.89, 1.73) Ref. -10.47 (-18.83, 
-2.10)*

-2.94 (-11.00, 
5.12)

Year 2014
  Vocabulary test coefficient Ref. 0.28 (-1.29, 1.84) -2.58 (-4.19, -0.96)** Ref. 0.88 (-0.80, 2.57) -2.77 (-4.50, 

-1.04)**

  Mathematics test coefficient Ref. -0.05 (-1.28, 1.18) -1.39 (-2.67, -0.12)* Ref. 0.58 (-0.71, 1.87) -1.23 (-2.56, 0.10)
Year 2018
  Vocabulary test coefficient Ref. 0.49 (-0.76, 1.72) -2.10 (-3.32, -0.84)** Ref. 0.75 (-0.66, 2.15) -2.00 (-3.29, 

-0.70)**

  Mathematics test coefficient Ref. -0.87 (-2.43, 0.70) -2.26 (-3.80, -0.71)** Ref. -1.08 (-2.83, 0.68) -1.39 (-3.00, 0.23)
Note: *P < 0.05, **P < 0.01
a Adjusted for adolescents’ age and gender
b Adjusted for adolescents’ age, gender, parental age, occupational status, years of schooling, whether parents have lived together with the children for more than 
8 months in the last year, living place, and net household income in the last year

Table 3  The GEE model showed longitudinal associations between depressive symptoms trajectory and cognitive ability among the 
adolescents
Cognitive ability of adolescents Coefficient (95% CI)

Crude model a Adjusted model b

Immediate word recall
  Low symptoms Ref. Ref.
  Remitting symptoms -0.34 (-0.64, -0.04)* -0.20(-0.54, 0.13)
  Decreasing symptoms -0.46 (-0.81, -0.11)* -0.51(-0.88, -0.13)**

Delayed word recall
  Low symptoms Ref. Ref.
  Remitting symptoms -0.44 (-0.81, -0.08)* -0.27(-0.67, 0.13)
  Decreasing symptoms -0.19 (-0.62, 0.25) -0.30(-0.75, 0.15)
Number series test
  Low symptoms Ref. Ref.
  Remitting symptoms -0.18 (-6.10, 5.75) -2.38(-8.90, 4.14)
  Decreasing symptoms -5.17 (-11.80, 1.45) -4.19(-11.08, 2.70)
Vocabulary test
  Low symptoms Ref. Ref.
  Remitting symptoms 0.50(-0.43, 1.42) 0.90(-0.12, 1.92)
  Decreasing symptoms -2.22(-3.90, -0.55)** -2.09(-3.78, -0.41)*

Mathematics test
  Low symptoms Ref. Ref.
  Remitting symptoms -0.33(-1.34, 0.67) -0.20(-1.27, 0.86)
  Decreasing symptoms -1.66(-2.98, -0.34)* -1.21(-2.60, 0.17)
Note: *P < 0.05, **P < 0.01
a Adjusted for adolescents’ age and gender
b Adjusted for adolescents’ age, gender, parental age, occupational status, years of schooling, whether parents have lived together with the children for more than 
8 months in the last year, living place, and net household income in the last year
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distinct trajectories compared to those in other cultural 
contexts. Future studies should explore these socioeco-
logical influences in greater depth to inform culturally 
tailored interventions.

Consistent with our findings, previous studies have 
identified the associations between depression and 
cognitive impairment [37]. The longitudinal and meta-
analysis studies have shown that cognitive impairment 
increases after the onset of depression, which might 
remain after the resolution of depressive symptoms [38, 
39]. Our findings align with previous longitudinal studies 
demonstrating that depressive symptoms are associated 
with cognitive impairments, even after symptom remis-
sion. For example, a meta-analysis by Rock et al. found 
that individuals with a history of depression exhibited 
persistent deficits in executive function and memory 
[40]. Our study extends this literature by demonstrating 
that even short-term episodes of depressive symptoms 
during adolescence can have long-term negative effects 
on cognitive performance, particularly in the domains of 
fluid and crystallized intelligence. This underscores the 
importance of early intervention to mitigate the cogni-
tive consequences of depression. Many theories have 
been proposed regarding why episodes of depression 
might be detrimental to cognitive function: for example, 
hypercortisolemia causing hippocampal dysfunction or 
inflammation leading to residual damage [41]. In addi-
tion, increased cortisol secretion might be responsible 

for cognitive deficits in depressed patients [42, 43]. In our 
study, the adolescents with decreasing depressive symp-
tom trajectories showed greater cognitive impairment 
than those with remitting depressive symptom trajecto-
ries. This is likely due to the fact that adolescents with 
decreasing depressive symptom trajectories experienced 
more severe episodes of depressive symptoms in early 
adolescence. Evidence suggests that patients with a more 
severe, recurrent illness might have greater cognitive 
impairment when remitted [44]. Moreover, the results 
of this study suggested that even short-term episodes of 
depressive symptoms could have a long-term negative 
effect on adolescents’ cognitive performance.

More importantly, our results highlighted the age-
sensitivity detrimental impact of depressive symptoms 
on later cognitive performance. Depressive symptoms 
in early adolescence could lead to worse fluid and crys-
tallized intelligence compared to middle and late ado-
lescence. The occurrence of subclinical depressive 
symptoms in adolescents has been frequently noted in 
recent studies [45]. Considering the course of brain devel-
opment is gradual and protracted, the effect of depres-
sive symptoms on cognitive performance may depend 
on the stage at which the symptomology occurred [46]. 
Adolescents are at a critical period in their lives when 
facing the pressures of school exams and interpersonal 
relationships, and their academic success during adoles-
cence will have an impact on their careers in adulthood. 

Table 4  Gender-Stratified associations between depression class and adolescent’s cognitive ability
Cognitive ability of adolescents Adjusted coefficient (95% CI) a

Male Female
Immediate word recall
  Low symptoms Ref. Ref.
  Remitting symptoms -0.25(-0.74, 0.24) -0.18(-0.65, 0.30)
  Decreasing symptoms -0.68(-1.17, -0.19)** -0.32(-0.90, 0.25)
Delayed word recall
  Low symptoms Ref. Ref.
  Remitting symptoms -0.59(-1.16, -0.02)* 0.01(-0.56, 0.58)
  Decreasing symptoms -0.48(-1.03, 0.07) -0.12(-0.89, 0.64)
Number series test
  Low symptoms Ref. Ref.
  Remitting symptoms 7.79(-0.04, 15.63) -12.98(-22.83, -3.13)*

  Decreasing symptoms -8.35(-18.29, 1.59) 1.61(-6.78, 10.01)
Vocabulary test
  Low symptoms Ref. Ref.
  Remitting symptoms 1.14(-0.38, 2.66) 0.61(-0.82, 2.04)
  Decreasing symptoms -2.68(-5.11, -0.25)* -1.15(-3.11, 0.82)
Mathematics test
  Low symptoms Ref. Ref.
  Remitting symptoms 0.76(-0.66, 2.17) -1.15(-2.66, 0.36)
  Decreasing symptoms -1.95(-3.79, -0.12)* 0.00(-2.10, 2.09)
Note: *P < 0.05, **P < 0.01
a Adjusted for adolescents’ age, gender, parental age, occupational status, years of schooling, whether parents have lived together with the children for more than 
8 months in the last year, living place, and net household income in the last year
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Therefore, early identification and treatment of mental 
disorders in adolescents is essential to promote long-
term success. Our findings have important implications 
for parents, practitioners, and policymakers. For parents, 
the results underscore the need to be vigilant about early 
signs of depressive symptoms in their children, as even 
short-term episodes can have long-term cognitive con-
sequences. For practitioners, our findings highlight the 
importance of integrating mental health screenings into 
routine adolescent health assessments. Early identifica-
tion of depressive symptoms, particularly during critical 
developmental windows, can facilitate timely interven-
tions to mitigate cognitive impairments. For policymak-
ers, our study provides a strong rationale for investing 
in mental health services and educational programs that 
address the unique needs of adolescents.

The gender-stratified association analysis showed that 
depressive symptom trajectories were correlated with 
cognitive performance both fluid intelligence and crys-
tal intelligence in males. However, we found that only 
decreasing depressive symptom trajectories were nega-
tively associated with girls’ fluid intelligence rather than 
crystal intelligence. Previous studies have identified that 
the levels of depression and the associations between 
depression and cognitive performance differ between 
males and females [47]. However, the existing findings 
were contradictory. A cross-sectional multicohort study 
involving 13,841 children suggested that cognitive per-
formance was more strongly affected in boys than in girls 
given comparable levels of psychopathology [48]. Masten 
et al. found gender differences in cross-sectional associa-
tions between academic achievement and internalizing 
symptoms [49]. While some studies didn’t find gender 
differences in associations between cognitive perfor-
mance and depression [50, 51]. The gender differences in 
associations between different depressive trajectories and 
cognitive development are potentially important, espe-
cially in the context of the widely acknowledged higher 
rate of depression in females and the emergence of asso-
ciated gender differences in adolescence [52]. Although 
the reasons for these gender differences are not clear, 
more efforts are needed to screen depressive symptoms, 
particularly in boys to minimize impairment of cogni-
tive development. Future research should explore these 
gender differences in greater depth, especially consider-
ing the higher rates of depressive symptoms in females 
during adolescence. Gender-tailored interventions may 
be necessary to address these disparities and mitigate the 
cognitive consequences of depression.

The main strength of our study is its nationwide and 
longitudinal sample of Chinese adolescents. Secondly, 
we did a series of sensitivity analyses taking the parents’ 
cognitive ability and depressive scores of the parents at 
baseline into account. The associations remained robust 

after we adjusted for five variables that may be associated 
with early childhood cognition in the models. Thirdly, 
we divided adolescents’ cognitive performance into two 
components, including fluid intelligence and crystal 
intelligence, and repeated the measures in different years. 
Our results more strongly support the negative effect of 
depressive symptoms on cognitive development.

This study has some limitations. Firstly, we adopted 
self-reported depressive symptoms among the adoles-
cents, and therefore the reporting bias is inevitable. Sec-
ondly, more than half of adolescents identified in 2012 
were incrementally lost over the 6 years of follow-up. 
However, the attrition rate of CFPS between 2 consecu-
tive surveys was less than 30%. More efforts were needed 
to reduce the loss of follow-up. Finally, our conclusions 
were limited by the short follow-up duration. We did not 
observe whether the adolescents subsequently experi-
enced a recurrence of depressive symptoms, which had 
a greater impact on their cognitive performance. There-
fore, a longer follow-up study is necessary to demonstrate 
the actual association between depressive symptoms and 
cognitive performance.

Conclusion
In conclusion, depressive symptom episodes in early 
adolescence were associated with worse cognitive per-
formance for later. Even though the adolescents remit-
ted from depressive symptoms, cognitive impairment 
still existed. Age sensitivity of the detrimental effects of 
depressive symptoms on later cognitive performance 
was underlined. The results highlighted that perform-
ing mental health screenings, especially during the sen-
sitive windows of cognitive development, is critical to 
reducing the negative impact of depressive symptoms on 
adolescent cognitive development. Additionally, tailored 
mental health interventions and gender-specific screen-
ings are recommended to address the diverse needs of 
adolescents, especially in contexts like China, where aca-
demic pressures may exacerbate the onset and course of 
depression.
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