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ABSTRACT

Background: Valid and reliable measures of depressive symptoms are crucial for understanding risk factors, outcomes, and
interventions across rural and urban settings. Despite this need, the longitudinal invariance of these measures over time
remains understudied. This research explores the structural components of the Center for Epidemiological Studies Depression
Scale (CES-D) and examines its consistency across various living environments and temporal stability in a cohort of Chinese
teenagers. Method: In the initial phase, 1,042 adolescents furnished demographic details and undertook the CES-D assessment.
After a three-month interval, 967 of these participants repeated the CES-D evaluation. The study employed Confirmatory
factor analysis (CFA) to scrutinize the scale’s structural integrity. We investigated factorial invariance by conducting a two-
pronged CFA: one comparing urban vs. rural backgrounds, and another contrasting the results from the initial assessment with
those from the follow-up. Results: The CES-D demonstrated adequate reliability in both rural and urban high school student
samples. The preliminary four-factor model applied to the CES-D demonstrated a good fit with the collected data. Invariance
tests, including multigroup analyses comparing rural and urban samples and longitudinal assessments, confirmed the scale’s
invariance. Conclusions: The results suggest that the CES-D serves as a reliable instrument for evaluating depressive
symptoms among Chinese adolescents. Its applicability is consistent across different living environments and remains stable
over time.
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Introduction are more likely to face significant lifelong challenges and

developmental delays [4]. In conclusion, the significant

Depression ranks as one of the most common and impactful
mental health disorders worldwide [1]. The Report on
National Mental Health Development in China (2019-2020)
reveals that around 30% of junior high school students and
40% of their high school counterparts exhibit depressive
symptoms [2]. Adolescents, more often than preadolescents
and adults, encounter intense emotional conflicts and face
severe emotional challenges, which can precipitate a sharp
rise in mental disorders, including depression [3].
Adolescents with clinical depression or depressive symptoms
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impact of depression on the physical and mental well-being
of adolescents underscores the urgent necessity for a
dependable and accurate tool to assess depressive symptoms
in this age group.

The Center for Epidemiological Studies Depression Scale
(CES-D) is widely used across diverse populations, including
adults, adolescents, clinical, and nonclinical groups,
underscoring its potential as an effective tool for screening
depressive symptoms [5-7]. However, the CES-D’s factor
structure has shown inconsistencies in various studies.
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Initially, Radloff’s evaluation of the 20-item CES-D,
conducted on American adults living in community settings,
revealed a four-factor structure comprising positive affect,
depressed affect, somatic complaints, and interpersonal
problems [5]. This structure has been validated in multiple
countries, such as Germany, China, the USA, Australia,
India, the Philippines, and Singapore [8,9]. Nevertheless,
subsequent studies have suggested alternative factor
structures, with reports varying from one [10,11], two
[10,12-14], three [15-19], to even five factors [6,20],
reflecting differences possibly due to linguistic variations
and sample characteristics. Cultural and ethnic diversities
may contribute to these variations in factor structure [8]. As
a result, the objective of this research is to explore both the
factor structure and the consistency of the CES-D within
samples of Chinese adolescents.

Measurement invariance (MI) is essential for assessing
the consistency of scale items’ meanings and factor structure
across diverse populations. It enables researchers to
determine whether observed differences between groups
represent genuine distinctions or are merely artifacts of the
measurement tool. Establishing MI of a scale across
different groups is a crucial prerequisite for valid cross-
group and longitudinal comparisons [21]. Previous research
has highlighted variations in the associations of depressive
symptoms among adolescents residing in rural and urban
areas of China [22]. However, to make valid comparisons, it
is imperative to first confirm that the CES-D adheres to the
principle of measurement equivalence in both urban and
rural settings. Only with this assurance can differences in
CES-D scores be meaningfully interpreted and compared.

Measurement invariance (MI) analysis is critical not only
across different groups but also over various time points,
especially in longitudinal studies. For meaningful
interpretation of changes in CES-D scores across time,
ensuring the measurement instrument’s stability is crucial.
MI is a prerequisite for determining whether observed score
variations reflect actual changes in depressive symptoms.
Adolescents’ perceptions of symptoms might shift due to
evolving socioeconomic contexts. Over time, these shifts in
perspective, coupled with changes in cognitive development,
can influence how symptoms are reported, potentially
introducing biases in longitudinal data [23,24]. Therefore,
confirming MI is essential before conducting longitudinal
comparisons. This ensures that the CES-D reliably tracks
the progression of depressive symptoms in adolescents and
guarantees that the screening results are free from biases
related to temporal changes.

The main goal of this research was to examine the
measurement invariance of the CES-D, both between rural
and urban settings and over time, across two assessment
periods in a group of Chinese adolescents. This commenced
with a confirmatory factor analysis (CFA) to scrutinize the
scale’s factor composition, anticipating that the CES-D’s
four-dimensional model would demonstrate robust
psychometric qualities in each evaluation. Building upon
this initial analysis, we hypothesized and examined whether
the CES-D maintains MI across urban and rural settings, as
well as over different time points.

IJMHP, 2024, vol.26, no.4

Method

Participants and procedure

This study’s data were collected from five middle schools in
China through convenience sampling, with the objective of
evaluating adolescent mental health. With a response rate
exceeding 95%, students filled out a demographic survey
and the CES-D [5] during the initial assessment phase. The
final sample comprised 1,042 students: 521 girls, 505 boys,
and 16 with unspecified gender. Of these participants, 525
were from rural areas and 517 from urban settings. The
mean age was 16.27 years, with a standard deviation of 0.90
years (M = 16.27, SD = 0.90).

Three months after the initial survey, a follow-up
assessment was conducted in the same schools, with 967
students participating again. This follow-up sample
consisted of 490 girls, 462 boys, and 15 students with
unspecified gender. Among these, 491 were from rural areas
and 476 from urban settings. At the time of the follow-up,
the average age of the participants was 16.27 years (M =
16.27, SD = 0.91), indicating a relatively narrow age range.

Measures

The CES-D (Center for Epidemiological Studies Depression
Scale; Radloff, 1977) is a self-report instrument comprising
20 items, designed to measure depressive symptoms
experienced in the preceding week. Respondents rate each
item using a 4-point Likert scale, where 1 signifies ‘rarely or
less than 1 day’ and 4 represents ‘most or all of the time,
5-7 days.” This results in a cumulative score range from 20
to 80. Previous studies have established the CES-D’s robust
internal consistency [25,26]. In our study, the Cronbach’s
alpha values were 0.942 and 0.945 for the first and second
waves, respectively, confirming its excellent reliability.

Data analysis

This study employed CFA and invariance testing across rural
and urban contexts as well as longitudinally. The analysis was
performed using R software. We employed weighted least
squares means and variance-adjusted estimates, a choice
informed by the four-category response format of the
questionnaire items [27].

The analysis comprised three steps. Initially, structural
validity was assessed through CFA on the first wave data
(n = 1,042) to establish the CES-D’s factor structure. We
compared five distinct models (detailed in Table 1). Model
1, reflecting Radloff’s initial conceptualization identified a
four-factor structure, with depressed affect (DA), somatic
complaints (SC), positive affect (PA), and interpersonal
problems (IP), has shown satisfactory fit in various
international studies [8,9]. Model 2 proposed a two-factor
structure differentiating positive from negative items,
validated across diverse populations [13,14]. Model 3, was
further recognized by Wang et al. in their study focusing on
adolescents from mainland China [18], segmented the CES-
D into three factors: a four-item positive affect factor, a
nine-item somatic complaints factor, and a seven-item
depressed affect factor. Model 4 suggested a three-factor
model grouping positive affect, interpersonal problems, and
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TABLE 1

Item mapping for tested competing models

No. Item content

Model1 Model2 Model 3 Model 4 Model 5

1 I was bothered by things that usually do not bother me SC DA SC DA SC
2 Idid not feel like eating; my appetite was poor SC DA SC DA SC
3 Ifelt that I could not shake off the blues even with help from my family or friends DA DA SC DA SC
4 I feel that I was just as good as other people PA PA PA PA PA
5 I had trouble keeping my mind on what I was doing SC DA SC DA SC
6 I felt depressed DA DA SC DA SC
7 1felt that everything I did was an effort SC DA SC DA SC
8 I feel hopeful about the future PA PA PA PA PA
9 I thought my life had been a failure DA DA sC DA SC
10 I felt fearful DA DA SC DA SC
11 My sleep was restless SC DA SC DA SC
12 1 was happy PA PA PA PA PA
13 I talked less than usual SC DA DA DA DA
14 I felt lonely DA DA DA DA DA
15 People were unfriendly P DA DA P DA
16 1 enjoyed life PA PA PA PA PA
17 1 had crying spells DA DA DA DA DA
18 I felt sad DA DA DA DA DA
19 I felt that people disliked me P DA DA P DA
20 I could not get “going” SC DA DA DA SC

Note: DA = depressed affect; IP = interpersonal problem; PA = positive affect; SC = somatic complaints. For detailed model descriptions, refer to the main text.

a combined factor for depressed affect and somatic complaints
[19]. Finally, Model 5 suggested a three-factor framework,
combining positive affect into two novel factors that evolved
from the original components of depressed affect,
interpersonal issues, and somatic complaints [15].
Consistent with standard procedures, the fit of the model
was assessed using several criteria: chi-square (1), root mean
square error of approximation (RMSEA), comparative fit
index (CFI), and Tucker-Lewis index (TLI) [15,28].
Consistent with recommendations for structural equation
modeling, we reported the 90% confidence interval for
RMSEA (90% CI), providing a more precise assessment of
model fit. This interval indicates the range in which the true
RMSEA value likely falls, with an acceptable model criteria
set at RMSEA < 0.08 and CFI and TLI values > 0.90 [15].
Given the distinct structures of the models under
comparison, we opted for the Bayesian information criterion
(BIC) over chi-square differences. Following Raftery’s
guidelines, a lower BIC value denotes a more favorable
model fit. Specifically, a ABIC exceeding 10 points is
indicative of a substantial improvement in the model [29].
In the subsequent stage, having determined the most
suitable CES-D model, our focus shifted to examining its
factorial invariance in different residential settings,
specifically between rural and urban areas, using data from
wave 1 (n = 1,042) and wave 2 (n = 967). In line with
established methodologies [15,30], we initially assessed the
model’s fit for each residential context separately. This was

followed by multigroup invariance testing, which
encompassed configural invariance (uniform factor
structures across groups), metric invariance (consistent
factor loadings), and scalar invariance (equivalence in factor
loadings and thresholds). This approach aligns with
standard practices in factorial invariance testing [31-33].
For nested model comparisons, Cheung and Rensvold
conducted a study using data of unequal values and
demonstrated that among various parameters, ACFI was the
most effective indicator of model variance [34]. The ACFI
test was superior to the Ay’ test for variance in nested
models [35]. Therefore, we used ACFI for nested model
comparisons. The establishment of measurement invariance
is deemed credible when ACFI does not exceed 0.01. A
range of 0.01 to 0.02 in ACFI implies a decrease in model
fit, yet the significance of this difference cannot be
conclusively determined. If ACFI surpasses 0.02, the model
is considered to be differentially structured [36,37].

Thirdly, our study proceeded with longitudinal
measurement invariance, utilizing the follow-up sample (n =
967). This step was crucial to determine if the CES-D
reliably gauges the same construct over time. The standard
sequence of invariance tests—configural, metric, and scalar-
was applied, ensuring equality of the respective parameters
across both assessment periods. For these tests, we adhered
to the criteria of ACFI < 0.01.

Fourth, as part of the longitudinal invariance analysis for
the CES-D, we extracted factor loadings for each item from



264

waves 1 and 2. We then calculated the average factor loadings
for each dimension. Using SPSS 26.0, we determined the
average variance extracted (AVE) at both time points to
assess the convergent validity of the factor structure.
Furthermore, to assess the CES-D’s internal consistency
reliability, we calculated Cronbach’s alpha coefficients.

Result

CFA and comparisons of competing models

Table 2 presents the fit indices for the five structural models
evaluated in this research. Each model achieved an
acceptable fit, as indicated by CFI and TLI values exceeding
0.90, and RMSEA values falling below 0.08. Notably, both
the initial four-factor model (Model 1) and Model 4 showed
the most favorable alignment with the data, as reflected in
their lowest BIC values (ABIC > 10) compared to the others.
Considering the slight difference in fit between these models
(ABIC = 0.605) and the widespread validation of the
original four-factor structure in diverse racial/ethnic
populations [38,39], including numerous Asian countries

IJMHP, 2024, vol.26, no.4

[40,41], our study further substantiates the four-factor
structure’s applicability to Chinese adolescents.

Measurement invariance across rural and urban contexts
Table 3 outlines the goodness-of-fit indices for both the
independent models and those testing invariance between
rural and urban settings. For wave 1, the four-factor model
exhibited a satisfactory fit in both rural and urban groups.
Specifically, for the rural group, the fit indices were * (164)
= 549.188, p < 0.001, CFI = 0.966, TLI = 0.961, RMSEA =
0.067. Similarly, for the urban group, the indices were
(164) = 527.973, p < 0.001, CFI = 0.977, TLI = 0.973,
RMSEA = 0.066. Moreover, in the comparison of nested
models-namely configural, metric, and scalar invariance-the
model fit did not show any notable decline. This
observation is supported by the change in CFI (ACFI),
where the fit indice exceeded the recommended benchmark.
For wave 2, the four-factor model continued to show a
satisfactory fit for both rural and urban groups. Specifically,
the fit indices for the rural group were x> (164) = 554.491,
p < 0.001, CFI = 0.964, TLI = 0.958, RMSEA = 0.070. For
the urban group, they were > (164) = 553.198, p < 0.001,

TABLE 2

Model comparisons for tested models using the sample at wave 1 (n = 1,042)

Model X df CFI TLI BIC RMSEA (90% CI)

Model 1 954,698*%* 164 0.969 0.964 36477.885 0.068 (0.064, 0.072)
Model 2 1143.715%* 169 0.962 0.957 36624.162 0.074 (0.070, 0.079)
Model 3 1121.220%* 167 0.963 0.958 36602.465 0.074 (0.070, 0.078)
Model 4 969.864*** 167 0.969 0.965 36477.280 0.068 (0.064, 0.072)
Model 5 1088.359%* 167 0.964 0.959 36578.821 0.073 (0.069, 0.077)

Note: WLSMV = weighted least squares with mean and variance adjustment; df = degree of freedom; CFI = comparative fit index; TLI = Tucker-Lewis index;
BIC = Bayesian information criterion; RMSEA = root mean square error of approximation; RMSEA (90% CI) = the Root Mean Square Error of Approximation
with its 90% Confidence Interval. For detailed model descriptions, refer to the main text. *p < 0.05. **p < 0.01. **p < 0.001.

TABLE 3

Measurement invariance tests across residential backgrounds based on the full samples at wave 1 and wave 2

xz df CF1 TLI RMSEA (90% CI) Comparison sz ACFI ARMSEA
Invariance tests across residential backgrounds at wave 1
Rural (n = 525) 549.188*** 164 0966 0961 0.067 (0.061, 0.073)
Urban (n = 517) 527.973%%* 164 0977 0973  0.066 (0.059, 0.072)
A. Configural invariance  1077.459*** 328 0.973 0.968 0.066 (0.062, 0.071)
B. Metric invariance 816.613*** 344 0983 0.981 0.051 (0.047, 0.056) B ws. A 0.428 0.010 -0.015
C. Scalar invariance 1089.188*** 380 0.974 0.974 0.060 (0.056, 0.064) C vs.B 0.000***  -0.009  0.009
Invariance tests across residential backgrounds at wave 2
Rural (n = 491) 554.491** 164 0964 0.958 0.070 (0.063, 0.076)
Urban (n = 476) 553.198*** 164 0975 0971 0.071 (0.064, 0.077)
A. Configural invariance  1107.334** 328 0971 0.966 0.070 (0.066, 0.075)
B. Metric invariance 892.232%%* 344 0980 0.977 0.057 (0.053,0.062) Bwvs. A 0.018* 0.009 -0.013
C. Scalar invariance 1115.221%** 380 0.973 0.973 0.063 (0.059, 0.068) Cvs.B 1.000 -0.007  -0.006

Note: df = degree of freedom; CFI = comparative fit index; TLI = Tucker-Lewis index; RMSEA = root mean square error of approximation; Ay> = change in chi-
square; ACFI = change in CFL; ARMSEA = change in RMSEA; RMSEA (90% CI) = the Root Mean Square Error of Approximation with its 90% Confidence

Interval. *p < 0.05. **p < 0.01. ***p < 0.001.
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CFI = 0.975, TLI = 0.971, RMSEA = 0.071. Assessing the
nested models, which include configural, metric, and scalar
invariance, we observed no substantial reduction in model
fit, as the ACFI values consistently stayed above the advised
thresholds. This result corroborates the configural, metric,
and scalar invariance of the four-factor model in both rural
and urban contexts.

Longitudinal measurement invariance

Table 4 shows that the four-factor model maintained an
acceptable fit across both assessment waves. For wave 1, the
fit indices were y* (164) = 954.698, p < 0.001, CFI = 0.969,
TLI = 0.964, RMSEA = 0.068; For wave 2, the indices were
;{2 (164) = 972.683, p < 0.001, CFI = 0.968, TLI = 0.963,
RMSEA = 0.071. The tests for longitudinal invariance,
encompassing configural, metric, and scalar invariance, all
received support. Remarkably, the most stringent model,
positing equal factor loadings and item thresholds,
demonstrated robust fit indices: X2(380) = 1,665.144, CFI =
0.974, TLI = 0.974, RMSEA = 0.059. In comparing nested
models, ACFI was 0.012 when assessing configural vs. metric
invariance. A ACFI within the range of 0.01 to 0.02
indicates a moderate but not significant deterioration in
model fit, which does not provide sufficient evidence to
reject invariance [36,37]. When comparing metric
invariance and scalar invariance, the ACFI equals 0.007.
Since this value is below 0.01, it indicates a good fit of the
model. Thus, the longitudinal measurement invariance of
the CES-D’s four-factor model was maintained.

Factor  analysis
characterization
In the analysis of the CES-D’s longitudinal invariance model,
we examined the factor loadings for each item at both wave 1
and wave 2. As detailed in Table 5, during wave 1, item
loadings across the four dimensions of the CES-D-
Depressed Affect (DA), Positive Affect (PA), Somatic
Complaints (SC), and Interpersonal Problems (IP)-varied
between 0.542 (“I had crying spells”) and 0.911 (“I felt that
people disliked me”). At wave 2, these loadings ranged from
0.545 (“I had crying spells”) to 0.892 (“I felt that people
disliked me”). Additionally, the mean factor loadings for all
dimensions exceeded 0.7 at both waves, indicating reliable
measurement of the latent constructs. Additional
psychometric evaluations revealed that the average variance

of CES-D and further psychometric
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extracted (AVE) for all factors exceeded 0.5 in both waves.
This indicates that more than 50% of the variance in the
observed items was explained by the latent variables, thus
affirming adequate structural validity [42]. Furthermore, the
composite reliability (CR) values were above 0.85 in both
assessments, reflecting outstanding reliability. Moreover, all
domains recorded values above 0.74, reflecting consistent
internal consistency ranging from acceptable to excellent
across the two waves. In conclusion, the factor analysis
conducted on the CES-D scale indicates that it maintains a
range from satisfactory to excellent in terms of reliability
and validity when used to assess adolescent samples across
the two waves.

Discussion

The objective of this research was to analyze the factor
structure of the CES-D and to ascertain its consistency
across various living environments and through time among
high school students in mainland China. Our analyses
confirmed the CES-D’s robust reliability in both rural and
urban  high school student populations. Through
confirmatory factor analysis (CFA), we explored and
contrasted various factor structures. The results consistently
favored the original four-factor model, indicating its
satisfactory fit. Furthermore, invariance tests, including both
multigroup (comparing rural and urban samples) and
longitudinal analyses, consistently supported the scale’s
stability. These results underscore the reliability and efficacy
of the CES-D in measuring depressive symptoms in Chinese
adolescents, consistently across different living environments
and over time.

Several aspects of our findings merit further discussion.
Initially, the findings revalidated Radloff's four-factor
framework (encompassing depressive affect, positive affect,
somatic complaints, and interpersonal problems) for the
CES-D. This aligns with previous studies conducted in
various countries and with different samples [8,9,43,44].
Following Liang’s criteria, factor loadings above 0.5 indicate
a robust representation of scale constructs [45]. In our
study, all items within the CES-D’s four-factor structure had
factor loadings over 0.5, confirming strong convergent
validity. ~Significantly, the average variance extracted,
composite reliability, and Cronbach’s alpha all surpassed the
acceptable benchmarks. This indicates that the CES-D items

TABLE 4

Measurement invariance tests over time based on the matched sample

Invariance model X df CFI TLI  RMSEA (90% CI)  Comparison Ax> ACFI  ARMSEA
Wave 1 954.698** 164 0969 0964 0.068 (0.064, 0.072)

Wave 2 972.683** 164 0968 0.963 0.071 (0.067, 0.076)

A. Configural invariance  1861.800** 328 0.969 0.964 0.070 (0.067, 0.073)

B. Metric invariance 1281.335%* 344 0981 0979  0.053 (0.050, 0.056) B vs. A 0316 0.012  —0.017
C. Scalar invariance 1665.144** 380 0974 0974  0.059 (0.056, 0.062) C vs. B 1.000  —0.007  0.006

Note: df = degree of freedom; CFI = comparative fit index; TLI = Tucker-Lewis index; RMSEA = root mean square error of approximation; A )(2 = change in chi-
square; ACFI = change in CFL; ARMSEA = change in RMSEA. *p < 0.05. **p < 0.01. ***p < 0.001.
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TABLE 5
Item standardized factor loadings and psychometric properties for the longitudinal invariance model of CES-D
Wave 1 Wave 2

No. Item content DA PA SC IP DA PA SC IP
1 I was bothered by things usually do not bother me 0.751 0.754
3 I felt that I could not shake off the blues even with help from 0.785 0.792

my family or friends
6 I felt depressed 0.848 0.828
9 I thought my life had been a failure 0.830 0.831
10 I was fearful 0.761 0.799
14 I felt lonely 0.817 0.841
17 I had crying spells 0.542 0.545
18 I felt sad 0.826 0.832
4 I felt I was just as good as others 0.769 0.764

I felt hopeful about the future 0.759 0.810
12 I was happy 0.828 0.829
16 I enjoyed life 0.779 0.793
2 My appetite was poor 0.576 0.559

I had trouble keeping my mind on what I was doing 0.722 0.747
7 I felt that everything I did was an effort 0.860 0.870
11 My sleep was restless 0.669 0.667
13 I talked less than usual 0.719 0.778
20 I could not get “going” 0.720 0.734
15 People were unfriendly 0.814 0.853
19 I felt that people disliked me 0.911 0.892
Mean factor 0.770 0.784 0.711 0.863 0.778 0.799 0.726 0.873
loading
Average variance 0.601 0.615 0.513 0.746 0.613 0.639 0.536 0.762
extracted
Composite 0.922 0.865 0.862 0.854 0.926 0.876 0.872 0.865
reliability

Cronbach’s a

0.879 0.791 0.795 0.747 0.887 0.807 0.813 0.764

Note: CES-D = Center for Epidemiological Studies-Depression; DA = Depressed affect; PA = Positive affect; SC = Somatic complaint; IP = Interpersonal problem.

proficiently represent the latent variables, affirming the
reliability and validity of the initial four-factor model. This
highlights the scale’s appropriateness for investigating
depressive experiences among Chinese adolescents.
However, the potential for other factor structures within
the CES-D warrants consideration. The comparative analysis
of our models showed that a three-factor structure,
encompassing positive affect, interpersonal problems, and a
revised depressed affect factor that combines the original
depressed affect with somatic complaints, closely paralleled
Radloff’s four-factor model in terms of fit. This observation
suggests that the adolescents in our study might view
depressive symptoms as reflecting mental phenomena,
distinguishing between somatic and psychological distress,
but also possibly perceiving their sadness as a combination of
these symptoms. Such perceptions could stem from
adolescents being influenced by both traditional mind-body
holistic concepts and Western psychological models that
distinguish between psychological and somatic symptoms [14].

Secondly, our study demonstrated the MI of the CES-D
between rural and urban Chinese adolescents. Configural
invariance was established for the CES-D’s four-factor
structure, indicating that the scale measures the same
constructs in both rural and urban areas. The finding of
metric invariance confirms that scale increments are
interpreted similarly across these areas. Furthermore, the
support for scalar invariance suggests uniform item
thresholds in both contexts. it seems that adolescents,
irrespective of their rural or urban backgrounds, interpret
depressive symptoms in a uniform manner when evaluated
using the CES-D. This uniformity enables researchers to
reliably conclude that any score disparities between these
groups are true reflections of differing levels of depressive
symptoms.

Thirdly, our study confirmed the longitudinal invariance
of the CES-D. By establishing configural invariance, it is clear
that the CES-D consistently evaluates the same constructs
across the two different time points. Metric invariance
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suggests that the scale’s unit increment retains consistent
meaning over time. Additionally, the endorsement of
longitudinal ~scalar invariance indicates stable item
thresholds across the waves. These findings corroborate that
the CES-D scores are consistent over time, supporting the
conclusions of previous longitudinal studies on the CES-D
[24,46,47]. Crucially, this implies that any observed changes
in depressive symptoms are genuine and not attributable to
measurement artifacts or shifts in item interpretation.
Hence, the CES-D demonstrates its reliability as a tool for
monitoring changes in depressive symptoms among
adolescents. This ensures that subsequent screenings and
evaluations are impartial and accurately represent real shifts
in their mental health condition.

Strengths of our study

This research distinctively employed categorical confirmatory
factor analysis (CFA) using the weighted least squares means
and variance-adjusted estimator. This approach marks a
departure from numerous prior studies that have analyzed
CES-D items as continuous variables [9,17,39]. This
approach allows for a more nuanced investigation of the
CES-D’s factor structure. As far as we are aware, this
research represents the inaugural effort to evaluate the rural-
urban invariance of the CES-D, constituting a notable
advancement in this area of study. By examining both rural-
urban and longitudinal invariance, our study provides a
comprehensive illustration of the CES-D’s measurement
properties.

Limitations of our study

The use of convenience sampling from five schools may limit
the representativeness of our sample. Future studies could
improve generalizability by adopting a stratified sampling
approach for a more diverse representation of the Chinese
adolescent population. Our analysis was based on only two
time points. Subsequent research could benefit from
including additional time points to provide a more detailed
temporal picture. Considering the 3-month interval used in
our study, future research should explore the impact of
different time intervals as potential confounding factors.

Conclusion

In conclusion, our study highlights the effectiveness of the
CES-D’s four-factor model, which includes Depressed
Affect, Positive Affect, Somatic Complaints, and
Interpersonal Problems. This model accurately reflects the
scale’s foundational structure in adolescents, showcasing
robust reliability and validity. Notably, the feasibility of the
three-factor model also suggests its potential applicability in
various contexts or specific sub-groups.

A key finding is the CES-D’s invariance across rural and
urban settings and its temporal stability, highlighting the
scale’s robustness. This confirms the consistency in
interpreting CES-D outcomes between rural and urban
adolescents, reinforcing the tool’s effectiveness in tracking
the progression of depressive symptoms in this demographic.

Considering these results, the CES-D stands out as a
versatile instrument for both cross-sectional and
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longitudinal research. Its flexible factor structure, coupled
with its established invariance, positions it as a valuable
asset for researchers delving into the nuances of adolescent
depression across diverse contexts.
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