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Abstract 

Background Short efficient questionnaires to detect depressive symptoms in adolescents are sparsely evaluated. We 
aimed to examine the test–retest reliability and structural and convergent validity of the Danish version of the 6-item 
version of the Hopkins Symptom Checklist-core depression (SCL-6) in adolescents.

Methods Our study population consisted of 122 adolescents. Ninety-one adolescents completed SCL-6 (test sample) 
in the first round, 82 adolescents completed SCL-6 in the second round (retest sample), with 66 completing the ques-
tionnaire both rounds (test–retest sample). Reliability was evaluated by intraclass correlation (ICC) and standard error 
of measurement (SEM), and structural validity was evaluated by confirmatory factor analysis (CFA) and Mokken analy-
ses. Convergent validity was assessed using the 4-item version of the Centre for Epidemiological Studies Depression 
Scale (CES-DC4).

Results The mean sum score in the test sample was higher than in the retest sample (0.74 (95% CI:0.06;1.43)). The 
limits of agreement (LoA) were broad (-4.73;6.21). The intraclass correlation (ICC(1,1)) was 0.79 (95% CI:0.67;0.87)) 
showed good reliability, while the SEM (2.03 (95% CI: 1.68; 2.37)) was large considering the range of the scale. Cron-
bach’s alpha showed good internal consistency at both test (0.80) and retest (0.81). The inter-item correlations 
and Mokken analyses supported the conclusion of a unidimensional scale. The CFA did not find an acceptable fit 
of a one factor solution. The convergent validity showed a moderate correlation with the CES-DC4 (0.48).

Conclusion SCL-6 showed acceptable internal consistency and test–retest reliability. The results from the CFA 
were inconclusive in terms of demonstrating unidimensionality, but Mokken analyses supported unidimensionality 
like previous studies. We find the scale usable for population-based research on depressive symptoms in adolescents, 
but do not recommend it as screening tool on individual level.
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Background
Depression is one of the leading causes of disability 
worldwide according to the World Health Organiza-
tion (WHO). The WHO stresses that depression can 
have severe consequences including suicide. Suicide is 
the fourth leading cause of death in 15–29-year-olds [1]. 
Therefore, epidemiological research that investigates the 
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course, risk factors and consequences of depression is 
crucial to inform decision makers in applying qualified 
preventive strategies.

Questionnaires as tools for investigating depression in 
large populations are quick, cheap, and easy to admin-
ister. The Hopkins Symptoms Checklist (SCL-90) is a 
widely used questionnaire measuring a broad spectrum 
of psychopathology. The SCL-90 contains 13 items spe-
cifically measuring depressive symptoms [2]. However, a 
competing 90-item version of the scale exists as Derogatis 
changed two items of the original SCL-90 and developed 
the SCL-90R [3]. Since then, several subscales have been 
derived from the SCL-90 and the SCL-90R to specifically 
measure depressive symptoms. The psychometric prop-
erties of the subscales to measure depressive symptoms 
have been widely tested in the SCL-25 [4–8], the SCL-13 
[9], the SCL-10 [10–12], and the SCL-6 [13–16]. The SCL 
measures depressive symptoms that are consequences of 
the disease "depression", and therefore the scale follows a 
reflective model [17].

The SCL-90, the SCL-90R, the SCL-10, and the SCL-6 
have all been validated in a Danish context [10, 14, 15, 
18]. The SCL have been tested in adolescents [10, 14], 
adults [15, 18], in the general population [18], in pri-
mary care setting [10, 14], and in hospital setting [15]. A 
study examining the SCL-90 and SCL-90R reported uni-
dimensionality (Mokken analysis, coefficient of homo-
geneity = 0.52) of the 13-item depression subscale and a 
Rasch analysis found the subscale robust in the general 
population in Denmark [18]. The SCL-10 was tested in 
primary care in 14–16-year-old adolescents. The adoles-
cents were recruited from the patient lists of the included 
general practitioners and thereby represented the gen-
eral population of 14–16-year-olds. The study concluded 
good unidimensionality (Mokken analysis, coefficient of 
homogeneity = 0.49 and Cronbach’s alpha = 0.88) and 
great criterion validity of the SCL-10 compared with the 
Composite International Diagnostic Interview (CIDI), 
analyzed with the receiver operating characteristic 
(ROC) curve (area under the curve (AUC) = 0.90 (95% 
confidence interval (CI) 0.83–0.96)). Using a cut-off point 
of 16 for SCL-10 and CIDI as the gold standard [10], 
the sensitivity was 87.5% for both girls and boys and the 
specificity was 72.4% for girls and 87.9% for boys. More-
over, the short depressive subscale, the SCL-6, has been 
tested in a sample of 14–16-year-olds recruited from the 
patient lists of randomly selected general practitioners 
and showed great criterion validity when compared with 
CIDI (ROC curve, AUC = 0.84 (0.73–0.95)). Christensen 
et al. found a sensitivity of 0.85 (95% CI: 0.70–0.94) and a 
specificity of 0.79 (95% CI: 0.74–0.84) when using a cut-
point of 9 [14]. Bech et al. tested the psychometric prop-
erties of both the full SCL-90 and several short scales in 

the general population, including the SCL-6. According 
to their Mokken analysis, the SCL-6 was unidimensional, 
and the scale discriminated significantly between diag-
nostic groups of depression [15]. The SCL-6 also showed 
great psychometric properties in a Swedish study, where 
Hanson et  al. found high degree of unidimensionality 
(Mokken analysis, coefficient of homogeneity = 0.70). 
With a cut-point for depression of 17, the specific-
ity was 0.98 and the sensitivity was 0.68 when using an 
score of ≥ 26 on the Major Depression Inventory (MDI) 
as gold-standard [13]. In conclusion, studies have found 
great criterion, discriminative, and structural validity of 
the SCL-6 and suggest that the SCL-6 can be a useful 
screening tool for depression.

However, studies of the reliability of the scale are non-
existent, and the structural validity of the scale has only 
been evaluated with Mokken analyses. Reliability is a 
prerequisite for validity [17], and it is therefore of great 
importance to detect whether the SCL-6 is sufficiently 
reliable. This study aimed to evaluate the SCL-6 in terms 
of the test–retest reliability and structural and convergent 
validity using confirmatory factor analysis in Danish ado-
lescents (15–17-years-olds) and compare the results with 
psychometrics of the 4-item version of the Centre for 
Epidemiological Studies Depression Scale (CES-DC4), 
which has been evaluated on the same sample.

Method
Population
Seventy-one public and private schools with 9th grades 
in Aarhus, Favrskov, Silkeborg, and Skanderborg munici-
palities were invited to participate in this study. Schools 
for pupils with special needs were not invited. Fifty-eight 
schools did not answer the request, 10 declined to par-
ticipate and 3 schools agreed to participate. This resulted 
in five 9th grades participating in the study. Adolescents 
were included in the study if they were 15 years old and 
were able to read and understand Danish. The aim was 
to include at least 50 adolescents after dropout, to ful-
fill the COnsensus-based Standards for the selection of 
health Measurement INstruments (COSMIN) criteria of 
adequate sample size [19, 20].

Data variables
Data collection was in the form of a printed question-
naire with questions about age, sex, the Danish CES-DC4 
(Supplementary Fig.  1) and the Danish SCL-6 (Fig.  1). 
The survey was initiated to evaluate the psychometric 
properties of the SCL-6 and the CES-DC4 in adoles-
cents [21, 22]. The original English version of the SCL-6 
is shown in Fig. 2, and the original English version of the 
CES-DC4 is shown in Supplementary Fig.  2. From the 
original scale, the items of the SCL-6 have the numbers 
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71, 14, 26, 30, 32, and 57. The intensity of the depressive 
symptoms is scored on a 5-point Likert scale resulting 
in a sum score of 0–24. A higher score represents more 
severe depressive symptoms [23].

The CES-DC4 measures the same construct, depres-
sive symptoms, as the SCL-6 does. The score of each item 
in the CES-DC4 ranges from 0–4 and thereby the sum 
score ranges from 0–16. We expect a strong positive cor-
relation between SCL-6 and CES-DC4, since the scales 
measure the same construct in the same population at 
the same time.

Study design
This study rated adequate or good on all parameters in 
the COSMIN checklist for the design of studies on meas-
urement properties, structural validity, internal consist-
ency, measurement error and reliability, and hypotheses 
testing for construct validity [24]. The study examines 
the reliability of the SCL-6 through test–retest with a 

two-week interval. The two-week interval was chosen 
because it was assumed that the adolescents had stable 
depressive symptoms in this time interval, and that two 
weeks would minimize recall bias from test to retest [17].

Data collection
The data collection was conducted from January 2020 
to March 2020. During the data collection period, the 
national winter vacation took place from the 10th of Feb-
ruary until the 16th of February. Supplementary Fig.  3 
shows the timing of the test and retest for the classes 
compared with the winter vacation. Both the test and the 
retest took place in the classrooms while the adolescents 
were placed in their seats. The tests were introduced, 
which included a presentation of the research, informa-
tion about voluntary participation and anonymity, and 
information about the practical execution of fulfilling of 
the questionnaires. To secure anonymity, every student 
got an emoji on their questionnaire and a token with the 

Fig. 1 Danish version of the SCL-6

Fig. 2 English version of the SCL-6
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emoji on. At the retest they showed the token and got a 
questionnaire with the same emoji. Hereby, the question-
naires from the test and the retest could be paired, while 
the authors were unable to connect the questionnaire 
answers to a specific student. The same introduction was 
conducted at the test and the retest, apart from a small 
change of the information of practical execution since at 
the test the adolescents were assigned an emoji, and at 
the retest, they were asked to remember their emoji.

Statistical analysis
The characteristics of the included adolescents were 
described with total numbers and percentages for age 
and sex. An analysis of the descriptive data was per-
formed between the adolescents who completed both 
questionnaires and the adolescents who were either not 
present at one of the tests or had missing items in one of 
the tests.

The internal consistency was evaluated at test and 
retest by Cronbach’s α, item-rest correlations, and inter-
item correlation [17, 25]. Spearman’s ρ method was 
used to estimate the inter-item correlations. Confirma-
tory factor analysis (CFA) and Mokken analyses were 
conducted to assess the structural validity of the scale 
at both the test and retest scores. A variance-adjusted 
weighted least-squares method (WLSMV) estimator 
was used to treat the items of the scale categorical. The 
scale is constructed as a unidimensional scale, so a one-
factor model was expected to fit the scale. Model fit was 
evaluated by goodness-of-fit and badness-of-fit indices. 
The Tucker-Lewis Index (TLI) adjusts for the number of 
model parameters and ranges from 0–1. The Compara-
tive Fit Index (CFI) assesses fit relative to a null model 
and ranges from 0 to 1. Both TLI and CFI indicate an 
acceptable fit when values are above 0.9. The lack of fit 
per degree of freedom in the model was expressed by the 
Root Mean Square Error of Approximation (RMSEA). 
The average of the differences between observed and 
predicted correlations was described with the standard-
ized root mean square residual (SRMR). Both RMSEA 
and SRMR indicate a good fit with values below 0.08 [17, 
26]. RMSEA and TLI are prone to false model rejections 
when the sample size is not adequate [25]. The sum score 
in the three samples was summarized using mean, SD, 
and range. Bootstrap methods were used to obtain esti-
mates of the 95% CI of Cronbach’s alpha, inter-item cor-
relations, item-rest correlations, and SEM.

The reliability and agreement between tests were evalu-
ated among the adolescents who completed both ques-
tionnaires. A Bland Altman plot with mean difference, 
confidence interval, and limits of agreement was gen-
erated to evaluate the extent of random and systematic 
error. The strength of the association between test and 

retest was assessed from the correlation between the 
test and retest. To assess the reliability of the scale, intra-
class correlation (ICC(1,1)) and standard error of meas-
urement (SEM) were estimated. The ICC[1, 1] assessed 
absolute agreement by a one-way random effect model 
for a single measurement, and the calculation of SEM 
was based on the same model. Agreement was estimated 
as the mean difference between the test and retest scores.

The convergent validity was tested with the CES-DC4 
using Spearman’s ρ on the sum scores of the scales and 
bootstrap methods to estimate the 95% CI. Spearman’s ρ 
will only be based on adolescents who have answered all 
items in both CES-DC4 and SCL-6.

To investigate the effect of the timing of the tests in 
relation to the winter vacation, mean differences between 
the test and retest were estimated for each class sepa-
rately as a sensitivity analysis. Furthermore, all reliabil-
ity and agreement results were repeated on a subsample 
consisting only of the classes not expected to be influ-
enced by the winter vacation.

Stata 17.0 software was used to perform most statistical 
analyses [27], while the CFA was performed in R version 
1.2.5019 [28] and the R package lavaan [29].

Results
Participants
The total sample consisted of 122 adolescents in the five 
9th grades. Adolescents were excluded from the study if 
age was less than 15  years, or the adolescent could not 
read, nor write Danish. Double indication or no indi-
cation in the questionnaire was recorded as a missing 
answer. Three samples were described; the "test sample" 
consisting of all the adolescents who completed the test 
questionnaire (n = 91), the "retest sample" consisting of 
all the adolescents who completed the retest question-
naire (n = 82), and the "test–retest sample" consisting of 
all the adolescents who completed both the test and the 
retest questionnaires (n = 66) (Fig. 3).

Analyses of structural validity and internal consistency 
were both conducted on 91 adolescents (74.6%) in the 
test sample and 82 adolescents (67.2%) in the retest sam-
ple. Analyses of agreement and reliability were conducted 
on 66 adolescents (54.1%) in the test–retest sample 
(Fig. 3). The time interval between the two tests ranged 
from 14 to 18 days.

The descriptive information about the adolescents is 
presented in terms of age and sex (Table 1).

Analysis of incomplete sample
The analysis of the incomplete sample (n = 46) showed 
no differences between adolescents excluded from the 
test–retest and adolescents included in the test–retest 
in terms of age, sex, and the individual scores for 5 out 
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of 6 items in test and retest (data not shown). A differ-
ence in the answers for item 32 was observed between 
the incomplete sample (n = 22) and the test–retest sam-
ple (n = 66) in the retest (p = 0.03) The incomplete sample 
had a higher prevalence of the answer "Not at all" (86%) 
than the complete sample (64%) and a lower prevalence 
of "A little bit" (5%) than the complete sample (24%).

The mean sum score in the test, retest, test–retest, and 
incomplete sample were estimated (Table 2). The adoles-
cents’ sum score ranged from 0–18 out of the possible 
0–24.

Internal consistency
The estimated Cronbach’s α was within the recom-
mended interval (0.7–0.9) with 0.80 (95% CI: 0.73; 0.86) 
at the test and 0.81 (95% CI: 0.73; 0.90) at the retest [17]. 
The inter-item correlation ranged from 0.26 (95% CI: 
0.06; 0.46) to 0.52 (95% CI: 0.33; 0.65) at the test and 
0.24 (95% CI: −0.01; 0.43) to 0.64 (95% CI: 0.46; 0.77) 
at the retest, and thereby supported the conclusion of a 
unidimensional scale. The item-rest correlation ranged 
between 0.47 (95% CI: 0.26; 0.68) and 0.64 (95% CI: 0.50; 
0.78) at the test and between 0.46 (95% CI: 0.26; 0.67) 

Fig. 3 Flowchart of participants

Table 1 Characteristics of the samples in the SCL-6 study

Test (n = 91) Retest (n = 82) Test–retest (n = 66) Incomplete (n = 46)

Age, 15/16–17 (%) 74/17 (81.3/18.7) 63/19 (76.8/23.2) 54/12 (81.8/18.2) 38/8 (82.6/17.4)

Sex, m/f (%) 49/41 (54.4/45.6) 41/40 (50.6/49.4) 36/30 (54.6/45.5) 21/23 (47.7/52.3)

Table 2 Characteristics of the samples in the SCL-6 study

a n = 25
b n = 16

Test (n = 91) Retest (n = 82) Test–retest (n = 66) Incomplete (n = 46)

Sum score mean test (SD) 
[range]

6.29 (4.52) [0–18] N/A 6.41 (4.64) [0–18] 5.96 (4.26) [0–16]a

Sum score mean retest 
(SD) [range]

N/A 5.57 (4.26) [0–17] 5.67 (4.13) [0–17] 5.66 (4.89) [0–17]b
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and 0.67 (95% CI: 0.54; 0.80) at the retest, indicating that 
every item contributed to a distinction between adoles-
cents with low and high scores on the rest of the items. 
Analysis showed that deletion of items would result in a 
lower Cronbach’s α, both at the test and the retest.

Structural validity
The fit indices are shown in Table 3. Model 1 had RMSEA 
above the recommended limit at both test and retest and 
had TLI and SRMR outside the recommended limit at 
retest.

The highest factor loadings were item 30 (0.76) at test 
and item 26 (0.87) at retest. The lowest loadings were 
for item 32 both at test (0.62) and retest (0.58) at retest. 
Thereby, item 30 contributed the most to the factor at 
test and item 26 contributed the most to the factor at 

retest, while item 32 contributed the least at both test 
and retest (Fig.  4). Mokken analyses showed good fit of 
the one factor solution with a coefficient of homogeneity 
above the recommended limit of 0.4 with 0.45 at test and 
0.48 at retest [30].

Reliability
The estimated SEM was 2.03 (95% CI: 1.68; 2.37) and 
ICC[1, 1] was 0.79 (95% CI: 0.68; 0.86).

Agreement
Analysis of the mean showed a higher mean at the test 
than at the retest (mean difference = 0.74 (95% CI: 0.06; 
1.43)). Sensitivity analysis showed that class 1 (n = 15) 
was the class with the biggest difference between the test 
and the retest (2.07 (0.63; 3.51)) and that class 4 and class 

Table 3 Fit indices for confirmatory factor analysis models of SCL-6 at test and retest

Model fit indices Comparative fit index 
(CFI)

Tucker-Lewis Index 
(TLI)

Root mean square error of 
approximation (RMSEA)

Standardized root 
mean square residual 
(SRMR)

One-factor model

Test (n = 91) 0.97 0.96 0.10 (95% CI: 0.00; 0.17) 0.06

Retest (n = 82) 0.93 0.89 0.17 (95% CI: 0.11; 0.24) 0.09

Fig. 4 Factor structure and factor loadings for test (t) and retest (rt) of the SCL-6
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5 had a lower mean at the test than at the retest (Supple-
mentary Table 1).

The Bland Altman plot showed constant variation of 
the mean difference, no linear tendency, and showed an 
outlier from class 1 with a difference of 9 between the 
sum score at the test and the retest (Fig. 5). The LoA were 
−4.73 (95% CI: −5.89; −3.57) to 6.21 (95% CI: 5.06; 7.37), 
and the estimated correlation between the test and the 
retest was 0.80 (95% CI: 0.70; 0.88).

The horizontal solid dark green line is the mean differ-
ence in sum scores and the dashed dark green lines on 
each side are the 95% CI of the mean difference. The solid 
black lines are the Limits of Agreement.

Convergent validity
104 adolescents had completed all items in both SCL-6 
and CES-DC4 and were included in the convergent valid-
ity analyses. The sum scores of the scales were not nor-
mally distributed. Therefore, Spearman’s ρ method was 
used to evaluate the correlation between the two scales. 
The Spearman’s ρ was 0.39 (95% CI: 0.20; 0.58) between 
sum scores at test (p < 0.05) and 0.54 (0.39; 0.69) between 
sum scores at retest (p < 0.05).

Discussion
This study is the first to evaluate the reliability, and struc-
tural and convergent validity of the Danish SCL-6 in ado-
lescents. We found acceptable internal consistency and 
test–retest reliability of the SCL-6 in 15–17-year-old ado-
lescents. The CFA did not find an acceptable fit of a one fac-
tor solution, while the Mokken analyses showed a good fit. 
The convergent validity with the CES-DC4 was moderate.

Measurement property evidence
The internal consistency of the scale was good. The Cron-
bach’s α was good at both test (α = 0.80 (95% CI: 0.73; 
0.86)) and retest (α = 0.81 (95% CI: 0.73; 0.90)), indicating 
that the items reflected the same construct. This mirrors 
the result in a study on the SCL-6 in the US (Cronbach’s 
α = 0.88)[16]. The inter-item correlations supported the 
conclusion of a unidimensional scale, and thereby sup-
port findings from previously studies of a unidimensional 
scale [13, 15]. The present study was the first to report 
the item-rest correlations, which showed that all items 
contributed to distinct between adolescents who have 
high or low scores on the rest of the items. In the same 
population, the CES-DC4 showed poorer internal con-
sistency with a Cronbach’s α on 0.61 and lower inter-item 
and item-rest correlations compared with the SCL-6 [21].

Concerning the structural validity of the scale, RMSEA 
had values above the recommended limit of 0.08 at both 
test (0.10) and retest (0.17), indicating lack of fit per 
degree of freedom. At retest, both the TLI (0.89) and the 
CFI (0.09) were below the recommended limit of 0.9, 
overall indicating a poor fit to a unidimensional scale. 
That being said, all of the estimates are close to the rec-
ommended limits, and the acceptable limits for a good fit 
of a model are heavily discussed [31]. Furthermore, our 
sample size is in the smaller end of recommended sam-
ple sizes for CFA. Sample sizes of 100 and 200 are often 
recommended as the minimum acceptable sizes, but an 
even larger sample size would be needed when the items 
are categorical as in our study [32]. However, the Mokken 
analyses showed good structural validity in line with pre-
vious research using Mokken analyses [13, 14, 18].

Fig. 5 Bland Altman plot
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We found good reliability of the SCL-6 with an ICC 
(0.79) larger than the limit for "acceptable" of 0.7[17]. The 
CES-DC4 found a lower ICC (0.60) in the same popula-
tion [21].

The mean of the sum score at the test was higher than 
the mean of the sum score at the retest (mean = 0.74 
(95% CI: 0.06; 1.43)) implying a small systematic error. 
This was, however, driven by a large mean difference in 
class 1 (2.07 (95% CI: 0.63; 3.51)). Reasons for such an 
effect could be that something happened before the test 
that affected the answers negatively, or something hap-
pened before the retest that affected the answers posi-
tively. Class 1’s retest was performed just before the 
start of winter vacation (Supplementary Fig.  3), and so 
the adolescents could have had their spirits heightened 
solely from the outlook of the winter vacation (Supple-
mentary Table  1). Excluding class 1 improves the mean 
difference (0.35 (95% CI: −0.42; 1.13) and the SEM (1.94 
(95% CI: 1.56; 2.32), while the ICC (0.77 (95% CI: 0.63; 
0.86) is comparable with results on the full sample, and 
LoA (lower = −5.03 (−6.33; −3.74), upper = 5.74 (4.44; 
7.04)) are more symmetrical around zero (Supplementary 
Table  2). Thus, the difference in the mean test scores is 
not expected to be a systematic error of the SCL-6 but 
more an artifact of the timing of the tests. In the same 
population, the CES-DC4 found a mean difference 
between test and retest on 0.39 (95% CI: −0.02; 0.80), 
which also indicated a slight tendency to a higher sum 
score in the test compared with the retest [21]. Future 
studies should account for vacation periods when plan-
ning data collection, ensuring that both the test and 
retest occur at least one week before or after any vacation 
period.

Both SCL-6 and CES-DC4 are designed to measure 
the same construct, so we expected a strong correlation 
between the scores from the two instruments but found 
only a moderate correlation (ρ = 0.39–0.54). This can 
be due to the poor reliability and high SEM of the CES-
DC4 [21]. Both questionnaires measure the construct of 
depressive symptoms, however, the CES-DC4 has a ques-
tion about the social context (“I felt like kids I know were 
not friendly or that they didn’t want to be with me.”), an 
aspect not covered by the SCL-6. The SCL-6 has more 
elaborate questions about the three core symptoms of 
depression: mood, reduced energy, and reduced desire. 
The CES-DC4 has two questions regarding mood, of 
which one of them has positive wording (“I was happy”) 
that can lead to different interpretations of the two 
questionnaires from the recipient, since all questions in 
SCL-6 are phrased in negative wording. While the SCL-6 
has two questions about energy (“Feeling everything is 
an effort” & “Feeling low in energy or slowed down”), the 
question about energy in the CES-DC4 has previously 

shown problems, as adolescents describe this to be a nor-
mal part of being a teenager (“It was hard to get started 
doing things.”) [21]. The authors believe that the moder-
ate correlation can be explained by the poor reliability 
of the CES-DC4 and differences in the constructs of the 
questionnaires, with the CES-DC4 placing less emphasis 
on reduced energy and reduced desire.

Practical relevance
The LoA were broad (−4.73 to 6.21) and the SEM (2.03 
(95% CI: 1.68; 2.37)) was relatively high considering the 
range of sum scores used from 0–18. Therefore, we do 
not recommend using the scale to measure changes in 
the depressive symptoms at an individual level as the 
sum score of the scale is attached with a lot of uncer-
tainty. Consistent with this, we do not recommend using 
the scale as a screening tool for individual-level clinical 
diagnostics. We do not believe the observed mean differ-
ence between test and retest scores has practical implica-
tions for the use of SCL-6 in adolescents. However, it is 
important to consider that adolescence is a developmen-
tal stage characterized by emotional tumult [33]. Daily 
mood fluctuations, typically for this age group, may influ-
ence how adolescents respond to questionnaire items 
about depressive symptoms. Generally, the psychometric 
properties were better in the SCL-6 than in the CES-DC4 
in this population and therefore, the SCL-6 is preferable 
over the CES-DC4 to measure depressive symptoms in 
Danish adolescents in a population-based setting.

Strengths and limitations
Since the adolescents were anonymous, misclassification 
is not suspected. A total of 54.1% of the entire sample was 
included in the test–retest sample. The excluded fraction 
is expected to be missing at random since the analysis 
of incomplete showed no differences between excluded 
and included adolescents in most cases (data not shown). 
One difference between the incomplete sample and the 
test–retest sample was observed in item 32 score in the 
retest (p = 0.03), but we expect the difference to be due 
to chance because of small sample size in the retest in 
the incomplete sample (n = 22). Most adolescents were 
excluded because they were not present at the test or 
the retest (32.0%). Adolescents excluded due to miss-
ing answers (10.7%) were not related to a specific item. 
The risk of selection bias is therefore considered to be 
minimal.

The adolescents were answering both questionnaires 
at the same setting; in their classroom sitting at their 
seats. The authors encouraged the teachers not to change 
the seats of the adolescents between the test and retest. 
Moreover, the authors strived for placing the test and 
retest at the same weekday and at the same time of the 
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day. Thereby, the setting has a minimal influence on the 
adolescents’ answers of the questionnaires.

The adolescents could change token with another stu-
dent without our notice and thereby the connection of 
test and retest could be biased. However, the adolescents 
would have no incentive to do so, and we therefore do 
not expect this bias.

Generalizability
Only three out of the 71 contacted schools agreed to 
participate in the study. In Denmark, schools are often 
contacted for different investigations, and therefore, the 
schools must decline many inquiries. For this reason, we 
expected a low number of participating schools but also 
the participation to be random. Moreover, the three par-
ticipating schools consisted of 9th grades in both a larger 
city (> 350.000 inhabitants) and a smaller town (< 7.000 
inhabitants) which improves the representativeness. The 
results are therefore expected to be transferable to regu-
lar 9th grades in the rest of Denmark.

To achieve higher participation rates in future studies, 
involving a senior researcher in outreach efforts, rather 
than a master’s student, could increase the likelihood of 
schools agreeing to participate. Although schools were 
offered a lecture on mental health for their students, 
none took advantage of this opportunity, but other com-
pensations could be offered. In questionnaire studies, 
financial compensation has been shown to positively 
impact participation rates [34]. However, offering an eco-
nomic incentive to schools is not legal in Denmark and 
therefore not an option. Some schools indicated difficulty 
finding time to participate due to scheduling all lectures 
for the entire academic year in advance. Our contact with 
schools occurred in December and January; initiating 
outreach earlier, before the school year’s schedule is final-
ized, may improve participation rates.

Expanding outreach to include a broader and more 
diverse range of schools, particularly those located far-
ther from universities who are potentially less frequently 
contacted, may also increase the number of participants. 
A randomized selection of schools could be used to 
ensure the generalizability of results. However, it is essen-
tial to ensure physical presence during questionnaire 
completion to maintain procedural accuracy. Implement-
ing such an approach would require additional resources.

Instrument changes
During data collection, the author was met with ques-
tions about the meaning of the wording in item 26 (in 
Danish: "selvbebrejdelse", in English: "blaming yourself 
for things"). Therefore, the content validity and the cul-
tural adaption of the scale, and especially item 26, in this 
target group should be reevaluated.

Further, some measurement properties still need to 
be investigated. Adolescence can be an age with a lot of 
emotional tumult, and therefore it would be relevant to 
assess the construct validity to determine if the scale cap-
tures the construct of depressive symptoms rather than 
emotional tumult [33]. The result from class 1 also sug-
gests that the test scores are sensitive to fluctuations in 
everyday life such as an upcoming vacation.

Future research
The SCL-6 shows promising reliability results. Further 
studies are warranted to both address the timing of the 
test and retest and ensure minimal influence from unre-
lated events, but also larger studies to thoroughly investi-
gate the structural validity. Lastly, the cultural adaption of 
the scale to adolescents should be revisited.

Conclusion
This study found acceptable internal consistency and 
test–retest reliability of the SCL-6 in 15–17-year-old ado-
lescents. The mean test score was higher than the mean 
retest score, but after further analyses of the mean differ-
ence, systematic error of the scale is not suspected. The 
scale is constructed as and considered unidimensional. 
The results from the CFA were ambiguous in terms of 
demonstrating unidimensionality, and the structural 
validity should be further investigating in a larger study 
population. The authors find the scale usable for future 
population-based research on depressive symptoms in 
adolescents. Taken the broad LoA into account, we do 
not recommend using the scale as screening tool for 
depression in individuals.
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