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Abstract

Background: The 4-item version of the Center of Epidemiological Studies Depression Scale (CES-DC,) is a self-
reported questionnaire used to measure depressive symptoms in adolescents, but the psychometric properties of
the scale have been tested to only a limited extent. The aim of this study was to examine the reliability and structural
validity of the Danish CES-DC, in 9" graders.

Methods: Using a sample of 72 adolescents 15 to 17 years of age from five 9™ grade classes, the reliability of the
CES-DC, was determined by a test-retest study at a 2-week interval. Descriptive statistics of the adolescents were
presented, and internal consistency, structural validity, reliability, and agreement between tests were evaluated. The
structural validity of the scale was tested by confirmatory factor analysis (CFA), and the sumscores of the test and
retest were presented.

Results: The estimated Cronbach’s a was 0.61 (95% Cl 0.50; 0.71). Inter-item and item-rest correlations indicated that
one of the four items (item 20) did not fit well on the scale. CFA found a one-factor model suited for the scale, but
the factor loadings indicated that item 20 contributed the least to measure the factor (0.29). Sum scores ranged from
0-9 within a possible interval of 0-12. There were no signs of systematic error of the scale. Limits of Agreement (-3.01;
3.79) were broad. The standard error of measurement (SEM = 1.25 point (95% CI.1.05; 1.47)) and intraclass correlation
(ICC(2,1)=0.60 (95% Cl: 0.44; 0.73)) calculations showed low reliability of the CES-DC,.

Conclusion: This study found low reliability of the CES-DC, with low estimates of ICC and Cronbach’s a. The CES-DC,
needs revision, and removal of item 20 and adding more items from the CES-DC should be considered.
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Background

Depression is the largest contributor to years lived with
disability, and the World Health Organization (WHO)
estimates depression affects 400 million persons world-
wide [1]. Depression in adolescents can result in severe
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of recurrent depression among 15- to 20-year-olds has
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increased from 0.12 (95% CI: 0.12;0.12) in 1970-1984
to 5.95 (95% CI: 9.94;5.95) in 2005-2016 [3]. Moreover,
a nationwide survey has shown a growing number of
adolescents who rate their mental health as poor. Recent
results from 2021 showed a record high prevalence of
adolescents with poor mental health with a percentage of
21.2% among 16- to 24-year-old men and 34.4% among
16- to 24-year-old women [4]. Therefore, early identi-
fication of depressive symptoms is of great importance.
However, a reliable and valid measurement instrument
is needed. Self-report questionnaires have been found
suited for this aim because of their easy, low-cost, and
rapid administration [5].

The Center for Epidemiological Studies Depression
Scale for Children (CES-DC) is a widely used measure-
ment in North America [6, 7], Central America [8],
Europe [9-14], Asia [15, 16] and Africa [17], where the
psychometric properties of the scale have been evaluated
in order to use the scale as a screening tool. The CES-DC
is developed to assess depressive symptoms in children
and adolescents aged 6- to 17-years in the general popu-
lation, while other scales to detect depressive symptoms
in childhood and adolescents, e.g. the Children’s Depres-
sive Inventory (CDI), have been developed for clinical
populations [18]. The CES-DC was derived from the
adult version (CES-D) and consists of 20 items [7].

Studies of the CES-DC have generally shown excel-
lent internal consistency (Cronbach’s o=0,82-0.91)
[6, 9, 13, 15-17, 19], apart from one study, that found
acceptable internal consistency (Cronbach’s a=0.67)
[10]. Two studies reported excellent test—retest reliabil-
ity (ICC=0.71-0.85) [16, 17], while another study found
acceptable test-retest reliability among adolescents, but
not among children [19]. Concerning the structural valid-
ity of the scale, the results of the inter-item correlations
have been inconsistent [9, 16]. Several studies found a
4-factor model suitable for the scale [9, 10, 12, 13, 15, 16,
20]. Assessing the convergent validity, by studying corre-
lations with other scales that measure similar constructs,
has supported the conclusion of good construct validity.
A good construct validity of the tests is supported by cor-
relation with other scales that measure similar constructs
[9, 13, 15-17, 20]. As a screening tool, the CES-DC has
showed good sensitivity (80.0%-81.9%), acceptable to
good specificity (57.0%-71.9%) [9, 14, 19], poor posi-
tive predictive value (13%), and good negative predic-
tive value (97%) compared with diagnosis. The scale has
shown good criterion validity among adolescents but not
among children [19].

In 1990, Fendrich et. al. developed a short 4-item
version (CES-DC,) of the CES-DC to make screen-
ing of depression less time-consuming. Items that had
the highest loadings in each of the four factors were
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selected for the short scale (items 12, 15, 18, and 20).
CES-DC, showed a sensitivity of 62% and a specific-
ity of 61%. Moreover, the CES-DC, showed accept-
able internal consistency (Cronbach’s a=0.64) [19].
Houghton et al. studied the psychometric properties
of the CES-DC, in adolescents in Ireland. Correla-
tions with the Children’s Depression Inventory (CDI)
(r=0.497) and the self-esteem scale of the Child Health
Questionnaire (CHQ-CF87) (r=-0.54) proved accept-
able convergent validity, but they found poor internal
consistency (Cronbach’s a=0.583). Houghton et al.
argued that the short scale has great potential as a
screening tool because there were no problems during
the administration of the CES-DC, [11]. Other scales
to measure depression symptoms have shown problems
during administration, e.g. there were a high number
of non-respondents to the "feel like crying" question in
the CDI, and Hougthon et al. found that the "feel like
crying” question was significantly less likely to be com-
pleted and boys responded significantly less than girls
[21].

The CES-DC, has been translated and adapted into
Danish (not published) and used in large cohort studies
of Danish adolescents since 2004 [22, 23]. The scale is
preferable to use in large or longitudinal cohort studies
because it is short, and a version for both children and
for adults is available. However, neither the reliability nor
the validity of the Danish version of the CES-DC, has
been examined. The primary aim of this study was to test
the reliability of the CES-DC, in Danish 15- to 17-year-
old adolescents. The secondary aim of this study is to
test the structural validity of the CES-DC, in the same
population.

Methods

Participants

For this study, 71 public and private schools with regular
9th grades in the geographical area of Aarhus, Favrskov,
Silkeborg, and Skanderborg municipalities were invited
to participate through email from the corresponding
author. The geographical area was chosen to represent
both larger cities and small towns. Schools for adoles-
cents with special needs were not invited. Inclusion cri-
teria were adolescents above 15 years of age with the
ability to read and understand Danish. The aim was to
include a sufficient number of adolescents to fulfill COS-
MIN’s criteria for an adequate sample size of at least 50
participants to evaluate reliability, taking risk of dropout
in the retest into consideration [24, 25]. Of the 71 invited
schools, 10 schools declined to participate, 58 did not
react to the request and three schools agreed to partici-
pate, resulting in participation of five 9th grade classes.
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Variables
Data were collected through a printed questionnaire. The
questionnaire contained questions about age, sex, and the
CES-DC,. The original English version of the CES-DC, is
shown in Fig. 1 and the Danish version is shown in Fig. 2.
The CES-DC, measures depressive symptoms and con-
sists of four items scored from 0-3 on a 4-point Likert
scale. The first item is positively phrased and is reversely
scored. The sum scores of the scale ranges from 0-12.
The higher the score, the more depressive symptoms.

Study design

In the COSMIN guidelines, reliability as a measure-
ment property is defined as “the proportion of the total
variance in the measurements, which is because of ‘true’
differences between patients” [26]. In this study, the test—
retest reliability was evaluated, with a 2-week interval
between test and retest. The time interval was chosen
to prevent recall from test to retest, and the adolescents’
mental health was expected to be stable during this
period [27]. The structural validity of the scale was tested
in the adolescents who completed the test questionnaire.
The hypothesis of the study was that a one-factor model
was suitable for the scale.

Procedure and location
Data were collected from January to March 2020. The
test and retest both took place as self-administered
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questionnaires in the adolescents’ classrooms while they
were sitting at their seats. Before the test, there was an
introduction including a presentation of the researcher,
the aim of the research, information about voluntary par-
ticipation and anonymity, and the practical execution of
filling out the questionnaires. The adolescents were told
to leave the questionnaire unanswered if they did not
wish to participate. Every student got an individual emoji
on their questionnaire together with a printed emoji they
could keep in their phone cover or pencil case, which
they had to remember until the retest. At the retest, they
got a questionnaire with the same emoji. In that way, the
test and retest could be paired, and the adolescents kept
their anonymity since the authors never were able to
identify which questionnaire was answered by whom. An
emoji was chosen because the authors expected the ado-
lescents would be able to remember an emoji better than
a specific number. There were no incidences of students
not remembering their emoji at the retest. The introduc-
tion and information regarding the practical execution
were the same at the test and the retest, and the same
emoji was used at both test and retest. At retest, the ado-
lescents did not know the sum score of their initial test
questionnaire.

Statistical analyses
Descriptive statistics were calculated for the age and
sex data used in the structural validity analyses and the

DURING THE PAST WEEK

a) Iwashappy

b)  Ifelt like kids I know were not friendly or that
they didn’t want to be with me.

c) Ifeltsad.

d) Itwas hard to get started doing things.

Fig. 1 The original English version of CES-DC,

Not At All

A Little Some A Lot

0 0 a O

(sat ét kryds i hver linje)

e) Jegvar glad i den sidste uge

f)  Jeg folte at kammerater ikke var venlige og ikke
havde lyst til at vaere sammen med mig

g) Jeg folte mig trist

h)  Det var hirdt at komme i gang i denne uge

Fig. 2 The Danish version of CES-DC,

Ilobet af den seneste uge, hvor meget har du haft felgende folelser?

Slet ikke Lidt

Nogle gange En hel del

u] a O 1]
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reliability analyses. and the time interval between test
and retest was calculated in the sample used in the relia-
bility analyses. Age and sex were presented with the num-
ber, percentage, maximum value, and minimum value.
The time intervals were presented with mean, standard
deviation (SD), maximum value, and minimum value. A
dropout analysis of the descriptive data was performed in
the adolescents who answered the first questionnaire and
those who answered both questionnaires (n=29).

To analyze the internal consistency of the CES-DC,
Cronbach’s a and the Omega coefficient were estimated,
and item-rest correlations and inter-item correlation
were evaluated [27, 28].

In COSMIN guidelines, structural validity is defined
as an aspect of the measurement property construct
validity as “The degree to which the scores of an instru-
ment are an adequate reflection of the dimensionality of
the construct to be measured” [23]. The CES-DC, fol-
lows a reflective model, the scale measuring symptoms
that are consequences of a disease. The dimensional-
ity of the CES-DS, was evaluated using the first round
of test scores (n=95) by confirmatory factor analysis
(CFA), where items were analyzed as categorical meas-
ures with a weighted least-squares means and variance
adjusted(WLSMV) estimator. A one-factor model was
evaluated by several goodness-of-fit and badness-of-fit
indices. The Comparative Fit Index (CFI) assesses fit rela-
tive to a null model, and the Tucker-Lewis Index (TLI)
adjusts for the number of model parameters. CFI ranges
from 0 to 1, and TLI also ranges from O to 1, occasion-
ally presenting values a little below 0 and a little above 1.
For both indices values above 0.9 indicate acceptable fit.
The root mean square error of approximation (RMSEA)
expresses the lack of fit per degree of freedom in the
model, and the standardized root mean square residual
(SRMR) is the average of the differences between the
observed and predicted correlations, values below 0.08
indicating a good fit in both [27]. The sum score for the
two samples used in the structural validity analyses and
the reliability analyses were presented with mean, SD,
maximum value, and minimum value. To obtain esti-
mates of the confidence intervals of Cronbach’s alpha,
Omega coefficient, inter-item correlations, item-rest cor-
relations and SEM, we used bootstrap methods.

To evaluate the test—retest reliability the random error,
systematic error, agreement between tests, and associa-
tion between tests were assessed. Limits of agreement
(LoA) were estimated to give an indication of the size of
the random error. To evaluate the systematic error, the
mean difference between the two test scores was esti-
mated. A Bland—Altman plot of differences between the
sum scores at test and retest against the means of the sum
scores was generated to assess the extent of agreement
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between the tests and the systematic error. The correla-
tion between the two test scores was estimated to assess
the strength of the association between the test and
retest. The variances between test and retest, between
the adolescents, and within each adolescent were esti-
mated. To evaluate the reliability of the CES-DC, the
standard error of measurement (SEM), and the intraclass
correlation (ICC (2, 1) were estimated. The ICC[2, 1] was
estimated by a two-way random effect model for single
measurement to assess the absolute agreement, and the
estimation of SEM was based on the same model [27, 28].
The statistical analyses were performed with Statal6
software [29], except for the CFA, which was performed
in R version 1.2.5019 [30] and the R package lavaan [31].

Results

Participants

The five 9th grades consisted of 122 adolescents, 72
(59%) of whom were included in reliability analyses and
95 (78%) in the structural validity analyses. Adolescents
were excluded from the reliability analyses if items were
missing or if the adolescents did not attend both test and
retest, and excluded from the structural validity analyses
only if items were missing at the test (n=6). Items were
categorized as missing if there was no indication or a
double indication (Fig. 3). Thus, the sample size fulfilled
the recommendation of providing at least 50 participants
in a reliability analysis and at least six times the number
of participants per items but less than100 participants in
the evaluation of the structural validity [24, 25].

Table 1 presents the age, sex, and mean time interval
between test and retest for the included adolescents in
the two samples used in the structural validity analyses
and in the reliability analyses.

Response analysis

The dropout analysis showed no significant differences
between excluded and included adolescents for the reli-
ability analyses concerning age, sex, and the scores for
items 12, 15, 18, and 20 at both test and retest (data not
shown).

Internal consistency

The Cronbach’s a was 0.606 (95% CI: 0.503; 0.709), which
is below the recommended interval of 0.7-0.9 [27], and
the estimated Omega coefficient was 0.661 (95% CI:
0.583; 0.738). The inter-item correlation ranged from
0.102 to 0.492 (see Table 2). The low correlations between
items 12 and 20 (r=0.183 (95%CL 0.019; 0.331)) and
items 15 and 20 (r=0.102 (95%CI: -0.060; 0.261)) were
lower than the recommended limit of 0.2 and did not
support the conclusion of a unidimensional scale. The
item-rest correlation ranged from 0.218 (95% CI: 0.054;
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Adolescents in the 9th grades (n= 122 (100%))

Excluded (n=27) (22.1%)
- Couldn’t read/write Danish (n<5)

- <15-years-old (n<5)
- Not present at test (n=17)
- Missing data at test (n=6)

Included in structural validity analyses (n=95 (77.9%))

Excluded (n=23) (18.9%)

- Missing data at retest or not present
at retest (n=23)

Included in the reliability analyses (n=72 (59.0%))

Fig. 3 Flowchart of participants

Table 1 Characteristics of the study population

Structural validity analyses

(n=95)

Reliability analyses
(n=72)

Age, 15/16-17 (%)

79/16 (83.16/16.84)

60/12 (83.33/16.67)

Sex, m/f (%) 52/42 (55.32/44.68) 39/33(54.17/45.83)
Mean time interval between tests (SD) [range] N/A 14.72 days (1.56) [13.96-18.02]
Table 2 Inter-item correlations in CES-DC,
Spearman’s p (95% Cl)
Item 12 Item 15 Item 18 Item 20
[tem 12 1.00
[tem 15 0.304 (0.127,0.467): 1.00
ltem 18 0.492 (0.358;0.617) 0.436 (0.291; 0.555) 1.000
[tem 20 0.183(0.019;0.331) 0.102 (-0.060; 0.261) 0.208 (0.040; 0.356) 1.000

0.381) to 0.560 (95% CI: 0.439; 0.680), with the low-
est correlation for item 20 and the highest correlation
for item 18. Furthermore, the analyses showed that the
Cronbach’s « would be higher («=0.678) if item 20 was
deleted from the scale.

Structural Validity

The results of the CFA with one factor showed good fit
with a CFI of 1.000, a TLI of 1.038, a RMSEA of 0.000
(95% CI: 0.000, 0.175), and a SRMR of 0.036. A one-fac-
tor model being found suitable for the scale, the mean

Table 3 Sum scores of the samples

Structural validity Reliability analyses

analyses (n=72)
(n=95)
Mean sumscores test 3.07 (1.99) [0-9] 3.14(1.92) [0-9]
(SD) [range] N/A 2.75(2.01) [0-7]

Mean sumscores retest
(SD) [range]
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CONSTRUCT
Depressive symptomer

Fig. 4 Factor structure and factor loadings of the CES-DC,

Item 12
”Was happy”

Item 15
”Not friendly kids”

Item 18
”Felt sad”

Item 20
”Hard get started
doing things”

sum score at test and retest was calculated (presented in
Table 3).

The factor loadings showed the highest loading for item
18 (0.971) and the lowest loading for item 20 (0.290),
indicating that item 18 contributed the most to the fac-
tor and item 20 contributed the least. Factor loadings and
factor structure are presented in Fig. 4.

Reliability
The estimated ICC (2,1) was 0.604 (95% CI: 0.435; 0.732)
and the SEM was 1.247 (95% CI: 1.053; 1.466).

Agreement

There was no statistically significant difference between
test and retest (mean=0.389 (95% CI: -0.018; 0.796)).
The estimated LoA were -3.007 (95% CI: -3.694; -2.320)

to 3.785 (95% CI: 3.097; 4.472), which is visualized in the
Bland—-Altman plot in Fig. 5. The estimated correlation
between test and retest was 0.613 (95% CI: 0.445; 0.740).

Discussion

The present study is the first to assess the reliability and
structural validity of the Danish CES-DC, in adolescents.
Only two other studies have assessed the psychomet-
ric properties in the English CES-DC, in other contexts
in terms of internal consistency [11, 19] and convergent
validity [11]. We found low internal consistency, with a
low Cronbach’s a and inter-item correlations that did not
support a unidimensional scale. However, the CFA sup-
ported a one-factor solution for the scale. We found low
reliability of the scale, but the agreement between the test
and retest did not show signs of systematic error.
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Fig. 5 A Bland-Altman plot of differences between test and retest against the means
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Measurement property evidence

The measurement properties of internal consistency were
not sufficient. The estimated Cronbach’s a (0.606 (95% CI:
0.503; 0.709)) was below the recommended limit of 0.7
[27]. Other studies on the short scale found a Cronbach’s
a on 0.583 and0.640 [11, 19], which were not statistically
different from the Cronbach’s a of this study (»p=0.784)
[32]. Studies examining the full scale primarily found
excellent internal consistency (Cronbach’s « =0.82-0.91)
[6, 9, 13, 15, 17, 19], while one study found acceptable
internal consistency (Cronbach’s a=0.67) [10]. Moreo-
ver, the inter-item and item-rest indicated problems with
item 20. The inter-item correlations between item 12 and
item 20 and between item 15 and item 20 were below the
recommended limit of 0.2 and did not support the con-
clusion of a unidimensional scale [27]. The low item-rest
correlation for item 20 (p=0.218) indicated that item 20
did not contribute much to the distinction between ado-
lescents with low and high scores on the rest of the items.
Furthermore, deleting item 20 would improve the inter-
nal consistency, indicating that item 20, whether it was
hard to start doing things this week, could be measuring
a different dimension. Two other studies reported inter-
item correlations of the full scale and found conflicting
results. In one study, the correlations ranged from 0.39 to
0.57, and no problems with item 20 were identified [16],
while the inter-item correlations ranged from 0.07 to 0.77
in another study, with a total of 28 very low correlations
(<0.2) [9].

The one factor model showed a good fit within
the recommended levels of CFI>0.95 TLI>0.95,
RMSEA <0.06, and SRMR <0.08 [27]. Even though the
inter-item correlations did not support the conclusion
of a unidimensional scale, the CFA supported a one-
factor solution of the CES-DC,. However, as the inter-
nal consistency analysis showed, problems with item 20
were also present in regard to the factor loadings, which
showed that item 20 contributed the least to the factor.

The measurement properties of the reliability were
not sufficient because the ICC ®V (0.604 (95% CI: 0.435;
0.732)) was below the recommended limit of 0.7 for
measurements of groups. The value of reliability param-
eters like Cronbach’s a and ICC depend on the heteroge-
neity of the study population and number of items with
higher reliability estimates as heterogeneity and number
of items increase. The homogeneity of our study popula-
tion along with the small number of items may contribute
to the low estimates of reliability in our study. Moreover,
when studying the reliability in a test-retest study, the
construct of interest is assumed to be stable in the chosen
time interval. If the depressive symptoms in the adoles-
cents were not stable during the 2-week interval, this will
cause bias in the reliability estimates [27].
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The absence of any signs of systematic error suggests
that the measurement properties of the agreement were
sufficient. However, the estimated LoA (-3.007; 3.785)
were broad considering the sum scores in this study
ranged from 0-9. Other studies examining the full scale
found both a higher (r=0.85) and a lower correlation
(r=0.51) between test and retest than the one estimated
in this study (r=0.613 (95% CI: 0.445; 0.740)) [4, 15].
Therefore, the result of the broad LoA is not surprising.

Practical relevance

The estimated SEM (1.247 (95% CI: 1.053; 1.466)) was
high considering the range of the sum score. Measure-
ment error can have a profound effect on the SEM. A
small change in the sum score could reflect the measure-
ment error rather than a change in the construct of the
adolescent when changes are measured over time.

Strengths and limitations
The study has several strengths concerning internal valid-
ity. The risk of information bias is considered to be mini-
mal. Mis-classification was not suspected because the
adolescents were anonymous and had the possibility to
answer their questionnaires privately. Unfortunately, only
59% of the total sample were included in the reliability
study. However, a comparison of excluded adolescents
who only attended the test and adolescents who attended
test and retest showed no significant difference between
the groups in terms of age, sex and item scores. There-
fore, the excluded adolescents were likely missing at ran-
dom (data not shown). Nobody declined to participate,
and most of those excluded were not present at either the
test (13.9%) or retest (18%). The missing answers were
not related to a specific item. If we had used electronic
questionnaires, the number of missing items might have
been lower. However, the number of persons with miss-
ing items was relatively low (7 persons (5.7%)), thus we
do not expect that this would have affected the results.
Therefore, the risk of selection bias is considered to be
minimal.

Another strength of the study is that the adolescents
answered the questionnaire in the exact same setting
each time.

Generalizability

The study sample consisted of regular 9th graders, while
adolescents with special needs, dyslexia, or lack of Dan-
ish language skills were excluded. Only 3 of the 71 invited
schools participated. Whether the schools wished to par-
ticipate or not is not expected to cause selection bias,
because it is not expected to be related to the mental
health of the adolescents. Moreover, among the included
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schools were both schools in a large city (>350,000
inhabitants) and one in a small town (< 7000 inhabitants).
Therefore, the results are expected to be generalizable to
regular 9th graders in the rest of Denmark.

Instrument changes

To our knowledge, no studies have estimated the ICC of
the CES-DC,, whereas studies examining the full scale
found a high ICC (0.71-0.82) and thereby good reli-
ability of the full scale [16, 17]. Four items may not be
enough to measure depressive symptoms in adolescence
as the mood of adolescents varies considerably [33]. Add-
ing more items to the short scale should therefore be
considered.

Moreover, choosing the item with highest factors load-
ing from each of four different dimensions of the full
scale may not have been the most optimal method to
develop the short scale, which is used as a unidimen-
sional scale. Other approaches should be considered to
ensure the unidimensionality of the short scale.

Future Research

The validity of the Danish CES-DC, still needs further
evaluation to determine the psychometric properties
in a Danish context. The content validity of the scale is
especially relevant to assess as other researchers have
suggested that the scale measures emotional tumult in
adolescents rather than depression symptoms [9].

A possible explanation for the low reliability estimates
in this study is that the chosen time interval was too long
for the construct to remain stable. Further studies should
include investigation of whether a shorter time inter-
val would be more suitable for a test—retest study of the
scale. A gold standard to measure depressive symptoms,
such as a diagnostic interview, at the same time as the
test and retest would make it possible to detect changes
in the construct.

This study found problems with item 20 regarding the
internal consistency. The problems with item 20 could
be due to the CES-DC, being developed for children,
not adolescents. A cultural adaption of the questions for
adolescents should be considered as item 20 ("It was hard
starting doing things") may have different meanings for
children and adolescents and does not necessarily reflect
depressive symptoms in adolescents.

Moreover, responsiveness should be examined before
using the scale to track changes over time since the rather
large SEM could indicate that the responsiveness of the
scale is questionable.
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Conclusion

This study found low reliability of the CES-DC, with
low estimates for ICC and Cronbach’s o and a high SEM.
However, the results are comparable with the few other
studies examining the short scale. Concerning the struc-
tural validation, a one-factor model was found suitable
for the scale. The inter-item correlations, item-rest corre-
lations, and factor loadings indicated problems with item
20.

At the moment, a better alternative to measure depres-
sive symptoms in adolescents in a short, quick way, has
not been identified. The authors suggest that the choice
of items for the short scale is reconsidered to secure a
better reliability in adolescents.

Abbreviations

CDI-S: Children’s Depression Inventory; CES-DC: The Center for Epidemiologi-
cal Studies Depression Scale for Children; CES-D: The Center for Epidemiologi-
cal Studies Depression Scale; CES-DC,: The Center for Epidemiological Studies
Depression Scale for Children 4 item version; CHQ-CF87: The Child Health
Questionnaire; dif:: Difference; ICC: Intraclass correlation; LoA: Limits of Agree-
ment; SD: Standard deviation; SEM: Standard error of measurement; WHO:
World Health Organization.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512887-022-03451-7.

[ Additional file 1. }

Acknowledgements
The author thanks the teachers, who agreed to participate in the study, and
the adolescents who participated in the study.

Authors’ contributions

Conceptualization and methodology, CLBS, TKG and KB; software, formal
analysis, investigation, resources, data curation, visualization, project admin-
istration, and writing—original draft preparation, CLBS; validation, writing
review and editing and supervision, KB and TKG. All authors have read and
agreed to the published version of the manuscript.

Funding
There was no external funding for this manuscript, as it was conducted as part
of a Master’s thesis.

Availability of data and materials
The dataset analyzed during the current study are available in the supplemen-
tary file.

Declarations

Ethics approval and consent to participate

The study was carried out according to the Declaration of Helsinki. According
to Danish law, approval by the Ethics Committee is not required in ques-
tionnaire-based projects. Additional information is available at the National
Committee on Health Research Ethics'webpage in the “Act on Research Ethics
Review of Health Research Projects”§ 14,2. Here the rules regarding consent
are stated, and only trials are mandatory to collect parental consent, not
questionnaire-based studies like this. Available from http://nvk.dk/english/act-
on-research. Verbal informed consent was obtained from all adolescents.


https://doi.org/10.1186/s12887-022-03451-7
https://doi.org/10.1186/s12887-022-03451-7
http://nvk.dk/english/act-on-research
http://nvk.dk/english/act-on-research

Serensen et al. BMC Pediatrics (2022) 22:388

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflict of interest.

Author details

'Department of Occupational Medicine, University Research Clinic, Danish
Ramazzini Centre, Goedstrup Hospital, Hospitalsparken 15, 7400 Herning,
Denmark. 2Department of Public Health, Aarhus University, Bartholins Allé
2,8000 Aarhus C, Denmark. *Department of Clinical Epidemiology, Aarhus
University Hospital, Olof Palmes Allé 43-45, 8200 Aarhus N, Denmark.

Received: 3 January 2022 Accepted: 23 June 2022
Published online: 02 July 2022

References

1. Mnookin S. Out of the shadows: Making Mental Health a Global Develop-
ment Priority. Washington, D.C.: World Health Organization, World Bank
Group; 2016.

2. Rao U, Hammen C, Daley SE. Continuity of depression during the transi-
tion to adulthood: a 5-year longitudinal study of young women. J Am
Acad Child Adolesc Psychiatry. 1999;38(7):908-15.

3. Plana-Ripoll O, Momen NC, McGrath JJ, Wimberley T, Brikell |, Schendel
D, et al. Temporal changes in sex- and age-specific incidence profiles
of mental disorders—A nationwide study from 1970 to 2016. Acta
Psychiatrica Scandinavica.

4. Heidi A.R. Jensen MD, Sofe R. Maller, Julie E. |. Roman, Kamilla Kragelund,
Anne |. Christensen, Ola Ekholm. Danskernes sundhed — Den Nationale
Sundhedsprofl 2021. Kebenhavn S: Sundhedsstyrelsen; 2022.

5. Costello EJ, Angold A. Scales to assess child and adolescent depres-
sion: checklists, screens, and nets. J Am Acad Child Adolesc Psychiatry.
1988,27(6):726-37.

6. Faulstich ME, Carey MP, Ruggiero L, Enyart P, Gresham F. Assessment of
depression in childhood and adolescence: an evaluation of the Center
for Epidemiological Studies Depression Scale for Children (CES-DC). Am J
Psychiatry. 1986;143(8):1024-7.

7. Radloff LS. The use of the Center for Epidemiologic Studies Depres-
sion Scale in adolescents and young adults. J Youth Adolesc.
1991,20(2):149-66.

8. Aguilar G, Berganza, C. E. Confiabilidad test-retest de la Escala de
Depresion para Nifos y Adolescentes del Centro de Estudios Epidemi-
olégicos CES-DC-M : : en el diagndstico de la depresion en adolescentes
guatemaltecos. Bogota1993.

9. Olsson G, von Knorring AL. Depression among Swedish adolescents
measured by the self-rating scale Center for Epidemiology Studies-
Depression Child (CES-DC). Eur Child Adolesc Psychiatry. 1997;6(2):81-7.

10. Barkmann C, Erhart M, Schulte-Markwort M. The German version of the
Centre for Epidemiological Studies Depression Scale for Children: psy-
chometric evaluation in a population-based survey of 7 to 17 years old
children and adolescents-results of the BELLA study. Eur Child Adolesc
Psychiatry. 2008;17(Suppl 1):116-24.

11. Houghton F, Cowley H, Meehan F, Houghton S, Kelleher K. The Short
Four-Item Center for Epidemiological Studies Depression Scale for Chil-
dren (CES-DQ) in Ireland. The Irish Journal of Psychology. 2006;27:3-4.

12. Sanchez Herndndez M, Egido B, Carrasco M, Holgado-Tello F. Facetas de la
“escala de depresion del centro de estudios epidemioldgicos para nifios
y adolescentes” (CES-DC) en espafioles: validacion empirica. Behavioral
Psychology/ Psicologia Conductual. 2018;26:495-512.

13. Tsocheva |, Uzun B, Essau CA. Psychometric properties of Centre for
Epidemiologic Studies Depression Scale for adolescents in Bulgaria.
European Journal of Investigation in Health, Psychology and Education.
2018;8(1):53-64.

14. Aguilar G, Berganza CE. Validacion de la Escala de Depresion para Nifios
y Adolescentes del Centro de Estudios Epidemiolégicos (CES-DC-M),
para el diagnostico de la depresion en adolescentes Guatemaltecos
[Validation of the Center for Epidemiological Studies Depression
Scale for Children and Adolescents for the diagnosis of depression in

Page 9 of 9

Guatemalan adolescents.]. Avances en Psicologia Clinica Latinoameri-
cana. 1990;8:75-84.

15. Essau CA, Olaya B, Pasha G, Gilvarry C, Bray D. Depressive symptoms
among children and adolescents in Iran: a confirmatory factor analytic
study of the centre for epidemiological studies depression scale for
children. Child Psychiatry Hum Dev. 2013;44(1):123-36.

16. Li HC, Chung OK, Ho KY. Center for Epidemiologic Studies Depression
Scale for Children: psychometric testing of the Chinese version. J Adv
Nurs. 2010;66(11):2582-91.

17. BetancourtT, Scorza P, Meyers-Ohki S, Mushashi C, KayiteshongaY,
Binagwaho A, et al. Validating the Center for Epidemiological Studies
Depression Scale for Children in Rwanda. J Am Acad Child Adolesc
Psychiatry. 2012;51(12):1284-92.

18. M Kovacs AB. An empirical-clinical approach toward a definition of child-
hood depression. Depression in Childhood: Diagnosis, Treatment, and
Conceptual Models. 1977:1-25.

19. Fendrich M, Weissman MM, Warner V. Screening for depressive disorder in
children and adolescents: validating the Center for Epidemiologic Studies
Depression Scale for Children. Am J Epidemiol. 1990;131(3):538-51.

20. Weissman MM, Orvaschel H, Padian N. Children’s symptom and social
functioning self-report scales. Comparison of mothers'and children’s
reports. J Nerv Ment Dis. 1980;168(12):736-40.

21. Houghton F, Cowley H, Kelleher K, Houghton S. Gender and the children’s
depression inventory's (CDI) ‘crying’ question. Irish Journal of Psychologi-
cal Medicine. 2005;22(2):52-6.

22. Hoegh Poulsen P, Biering K, Andersen JH. The association between leisure
time physical activity in adolescence and poor mental health in early
adulthood: a prospective cohort study. BMC Public Health. 2016;16:3.

23. Lindholdt L, Lund T, Andersen JH, Hansen CD, Labriola M. Cohort profile:
the Danish Future Occupation of Children and Adolescents cohort (the
FOCA cohort): education, work-life, health and living conditions in a life-
course perspective. BMJ Open. 2019,9(2): e022784.

24. Mokkink LB, Terwee CB, Patrick DL, Alonso J, Stratford PW, Knol DL, et al.
The COSMIN checklist for assessing the methodological quality of studies
on measurement properties of health status measurement instruments:
an international Delphi study. Qual Life Res. 2010;19(4):539-49.

25. Mokkink LB, Prinsen CA, Patrick DL, Alonso J, Bouter LM, Vet HCd, et al.
COSMIN Study Design checklist for Patientreported outcome measure-
ment instruments. VUmc: Department of Epidemiology and Biostatistics
Amsterdam Public Health research institute Amsterdam University Medi-
cal Centers; 2019.

26. Mokkink LB, Terwee CB, Patrick DL, Alonso J, Stratford PW, Knol DL, et al.
The COSMIN study reached international consensus on taxonomy, ter-
minology, and definitions of measurement properties for health-related
patient-reported outcomes. J Clin Epidemiol. 2010;63(7):737-45.

27. Vet HCWD. Measurement in medicine: a practical guide. Cambridge:
Cambridge University Press; 2011. p. 338.

28. Kirkwood BR, Sterne JAC. Essential medical statistics. 2nd ed. Malden:
Blackwell Science; 2003. p. 501.

29. StataCorp. Stata Statistical Software: Release 16. College Station: Stata-
Corp LLG; 2019.

30. Foundation TR.The R Project for Statistical Computing: The R Foundation;
2021. Available. from: https://www.r-project.org/.

31. Lavaan YR. An R Package for Structural Equation Modeling. J Stat Soft.
2012;48(2):1-36.

32. Diedenhofen B, Musch J. cocron: A Web Interface and R Package for the
Statistical Comparison of Cronbach’s Alpha Coefficients. Int J Internet Sci.
2016;2016:51-60.

33. Leebens PK, Williamson ED. Developmental Psychopathology: Risk and
Resilience in the Transition to Young Adulthood. Child Adolesc Psychiatr
Clin N Am. 2017,26(2):143-56.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.r-project.org/

	Reliability and structural validity of the Danish Short 4-item version of the Center for Epidemiological Studies Depression Scale for Children (CES-DC4) in adolescents
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Participants
	Variables
	Study design
	Procedure and location
	Statistical analyses

	Results
	Participants
	Response analysis
	Internal consistency
	Structural Validity
	Reliability
	Agreement

	Discussion
	Measurement property evidence
	Practical relevance
	Strengths and limitations
	Generalizability
	Instrument changes
	Future Research

	Conclusion
	Acknowledgements
	References


