@ PLOS |ONE

Check for
updates

G OPEN ACCESS

Citation: Petrowski K, Schmalbach B, Kliem S, Hinz
A, Bréhler E (2019) Symptom-Checklist-K-9: Norm
values and factorial structure in a representative
German sample. PLoS ONE 14(4): e0213490.
https://doi.org/10.1371/journal.pone.0213490

Editor: Iratxe Puebla, Public Library of Science,
UNITED KINGDOM

Received: July 6, 2016
Accepted: February 23,2019
Published: April 5, 2019

Copyright: © 2019 Petrowski et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information
file.

Funding: The authors received no specific funding
to finance this study.

Competing interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE

Symptom-Checklist-K-9: Norm values and
factorial structure in a representative German
sample

Katja Petrowski' *, Bjarne Schmalbach-2, Séren Kliem?, Andreas Hinz*, Elmar Brahler*®

1 Medical Psychology and Medical Sociology, University of Mainz, Department Psychosomatic Medicine,
Mainz, Germany, 2 University of Munster, Department of Psychology, Miinster, Germany, 3 Criminological
Research Institute of Lower Saxony, Germany, 4 University of Leipzig, Department of Medical Psychology
and Medical Sociology, Leipzig, Germany, 5 University of Mainz, Department Psychosomatic Medicine,
Mainz, Germany

* kpetrows @ uni-mainz.de

Abstract

Background

The SCL-K-9 is the latest short version of the multidimensional Symptom-Checklist 90-R.
Up to now, its psychometric properties have not been clarified sufficiently as the nine items
have not yet been presented exclusively in a representative sample. Therefore, psychomet-
ric properties, model fit values as well as norm-values were analyzed.

Methods

For the sample, N=2,507 participants aged 14 to 92, n = 1,379 women and n = 1,128 men,
and a mean age of 48.79 (SD = 17.91), were selected from the general population by ran-
dom-route sampling. Confirmatory factor analyses applying full information maximum likeli-
hood (FIML) tested the model fit. The reliability estimations and effect sizes were reported.

Results

The items’ discriminative power ranged between .49 to .65, and the Cronbach’s Alpha was
a = .87, which stands for a good reliability of the SCL-K-9. Norm values as well as gender
and age specificities were presented in this section. The CFA with all nine items loading on
one latent factor resulted in a good fit. There was evidence of invariance across age and
gender groups.

Summary

Based on these results, the short screening version SCL-K-9 of the Symptom-Checklist 90-
R showed good reliability and good model fit; specific norm values could be determined. Fur-
ther studies should evaluate the usefulness of the standardization in clinical samples.
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Introduction

The Symptom-Checklist SCL-90-Revised [1, 2] and its short forms are the multidimensional
screening instruments for mental symptoms in psychotherapy research employed most fre-
quently [3, 4, 5]. The instrument includes subscales for depressive, dysthymic, vegetative, ago-
raphobic, and socio-phobic symptoms as well as symptoms of distrust and a general severity
index (GSI). The GSI is considered the best indicator for global psychological distress [6]. Sev-
eral representative samples with over 4, 500 individuals filled out the Symptom-Checklist SCL-
90-Revised [1]. Satisfactory reliability and an almost identical six- factorial structure could be
shown consistently [7]. However, statistical test shortcomings in the SCL-90-R were observed
in patients with chronic pain [8, 9]. In addition, the allocation of the items to the nine scales
was suboptimal in psychiatric patients as well as in healthy individuals [10, 11, 12]. As statisti-
cal shortcomings in the SCL-90-R had been observed, several short versions were developed,
each with a different number of items [8, 9].

Several short versions of the SCL-90-R were developed, e.g., the Hopkins Symptom Check-
list (HSCL-25) [8], the SCL-27 [13], the SCL-5 [9], and the SCL-K-9 [6].

The HSCL-25 and its norm values were published by Derogatis and colleagues in 1974 [8]
and assesses symptoms of anxiety and depression [14]. The reliability was good (Cronbach’s
Alpha .84 to .87). The test-retest reliability was satisfactory with a range from .75 to .84. For the
evaluation of mental health, the HSCL-25 was compared to a gold standard semi-structured
psychiatric interview, the Psychiatric Assessment Schedule (PAS). The HSCL-25 showed only
modest properties for the correct assessment of mental disorders [15]. This underlines the
need for more efficient questionnaires for measuring mental disorders.

Based on the German version of the SCL-90-R [16], a similar screening version with 27
items (six scales) was developed (SCL-27) [17]. In contrast to the HSCL-25, only satisfactory
reliability could be shown (Cronbach’s Alpha > 0.70-0.90). However, an almost identical six-
factorial structure could be replicated [13]. The factorial structure showed an invariance con-
cerning gender [16], which could not be replicated in later representative samples [13].

Since 25 or 27 items of a short screening of mental health are still too uneconomical for
large representative multi-topic evaluations, a further item reduction was undertaken. A SCL-
5 version was developed, which correlates highly with r = .92 of the original SCL-25 version
[18]. The five anxiety and depression items are treated as a global measure of mental health
and are considered emotional distress. The reliability of the SCL-5 was good (Cronbach’s
Alpha = .80) [19, 20]. Further psychometric properties as well as norm values of this version
were not available. In addition, the selected items and their limited heterogeneity concerning
the indicators of global distress were critiqued (by looking at the GSI-90) [21].

In order to have a more efficient screening instrument representing all nine scales of the
original SCL-90-R, the SCL-K-9 was developed [6]. The nine items singled out showed the
greatest discriminant power to the average psychological distress level (GSI-90) in a represen-
tative survey. From each scale, the item showing the highest correlation coefficient with the
GSI-90 (see Table 1) was chosen. The reliability was good (Cronbach’s Alpha = .87). The GSI
of the SCL-K-9 (GSI-9-K) correlated highly with the GSI-90 (r = .93) [16]. The results of the
major components analysis speak for the validity of a single general factor that can resolve 50%
of the variance. In reference to the evaluation of the actual clinical status (convergent validity
[16]), the SCL-K-9 shows significant correlations from .36 to .65 with the Hospital Anxiety
and Depression Scale (HADS) [22], the Nottingham Health Profile (NHP) [23], and the
Whiteley-Index (WI) [24]. This speaks for the primary acquisition of the psychological compo-
nents by the SCL, whereas the registration of the physical condition is only secondary.
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Table 1. Overview of the nine items of the SCL-K-9.

Item number Item

..Uncontrollable emotional outbursts
..Finding it difficult to start something

. .Feeling that you worry too much

. .Emotional vulnerability

. .Feeling observed or talked about

. .Feeling uptight or agitated

. .Feeling of heaviness in your arms and legs

. .Feeling nervous when left to yourself

O (0[N |G [W (N =

. .Feelings of loneliness even in company

https://doi.org/10.1371/journal.pone.0213490.t001

Within the last decade, the SCL-K-9 was employed in numerous studies as a research tool
for measuring psychological distress, its sensitivity to changes by gestalt therapy in major
depression [25], and by body image intervention in eating disorders [26]. Furthermore, it was
applied as an indicator for psychological distress in lung transplant patients [27], fire victims
[28], anxiety patients [29] as well as trauma and addiction patients [30].

Since the multidimensionality and the high scale inter-correlations of the SCL-90-R were
critiqued, a more practical and applicable, one-dimensional short version with nine items was
created for the measurement of the general factor ‘psychological distress’. However, this one-
dimensionality has not yet been evaluated nor the invariances tested. Therefore, the aim of the
present study is the examination of the dimensionality of the SCL-K-9 on a large German-
speaking sample. Also, the multivariate influences on the one-factor structure will be examined
for gender and age group. In order to be able to interpret the results of upcoming studies, the
norm values of this representative German sample will be displayed.

Methods
Sample

In 2003, the USUMA (Unabhingiger Service fir Umfragen, Methoden und Analysen) Berlin
Polling Institute selected households and participants by random-route sampling [31]. The
interviews were conducted at the participants” homes. Reasons for nonparticipation and cor-
responding figures can be obtained from Fig 1.

Sixty-two percent of all contacted individuals filled out the questionnaire. A final sample of
N = 2,507 native German speakers who had completed the German SCL-K-9 and the German
Patient Health Questionnaire (PHQ-D) were examined (cf. Table 2). Using information from
the Federal Statistical Office, the final sample was approved to be truly representative of the
German residential population of 2003 in regard to age, gender, and region. All the partici-
pants volunteered and received a data protection declaration in agreement with the Helsinki
Declaration. Verbal and written informed consent was obtained from all the participants. The
study was approved according to the ethical guidelines of the “German Professional Institu-
tions for Social Research” [31] and by the ethic committee of the University of Leipzig (050-
13-11032013).

Instruments

The nine- and 27-item versions of the Symptom Checklist (SCL-9-K and SCL-27(6; 13; 17;
21]) measure psychological distress. The SCL-27 assesses global distress and six subscales of
specific symptoms: depressive, dysthymic, vegetative, agoraphobic, and socio-phobic, using
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k =258 sample points
representing different
areas in Germany

y

n = 3,826 randomly
selected target households

Apartment not occupied n =19
(0.5%)

y

No person of the overall population:
n=31(0.8%)

Initial sample:
n=3,776

Inhabitants not present at all during
four visits: n= 328 (8,7%)

Participants refused to provide
information: n= 476 (12.6%)

Target person not found despite four
visits: n = 79 (2.1%)

Target person ill, or not able to
follow the interview: n = 12 (0.3%)

Target person refusedto be
interviewed n = 359 (9.5%)

y

Other (¢.g. Targetperson travelling
or on vacation):n = 15 (0.4%)

Conducted interviews:
n=2,507

y

Interview could not be analyzed:
n =0(0.0%)

Final Sample:
n=2,507

Fig 1. Flowchart of sampling procedure and reasons for nonparticipation.

https://doi.org/10.1371/journal.pone.0213490.9001
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Table 2. Sample characteristics concerning sociodemographic variables.

N %
Gender male 1,128 45.0
female 1,379 55.0
Age (years) mean 48.79
(N =2,507; 100%) standard deviation 17.91
range 14 t0 92
Age groups <24 262 10.5
(years) 25-34 332 13.2
(N =2,507; 100%) 35-44 485 19.3
45-54 423 16.9
55 - 64 435 17.4
65 - 74 386 15.4
>75 184 7.3
Marital status married, living together 1,304 52.0
(N =2,507; 100%) married, living separately 42 1.7
single 615 24.5
divorced 226 9.0
widowed 320 12.8
Education | not graduated 51 2.0
(N =2,507; 100%) | 8™ grade 1,126 449
10" grade 816 32.6
polytechnic degree (without approval as polytechnic degree) 57 2.3
12"/13"™ grade (Abitur) 191 7.6
university / college degree 204 8.1
community college 62 2.5
Employment status full-time (> 35 hours) 922 36.8
(N =2,507; 100%) part-time (15-35 hours) 193 7.7
part-time (<14 hours) 55 2.2
military/social service; maternity leave 27 1.1
unemployed 159 6.3
pensioner 751 30.0
no longer employed 205 8.2
in professional training 34 1.4
in school-/ college education 161 6.4
Household net income < 1,250 € per month 746 29.8
(N =2,368;94.5%) 1,250 € to 2500 € per month 1,260 50.3
> 2,500 € per month 362 14.4

https://doi.org/10.1371/journal.pone.0213490.t002

between four six items on a five-point scale ranging from 0 (Not at all) to 4 (Extremely) Inter-
nal consistency was o > .70 for the subscales and o = .93 for the GSI. The SCL-9-K, on the
other hand, is a screener for global symptom severity and does not differentiate between indi-
vidual types of symptoms. Its internal consistency in a previous study was o = .84 [32].

The Patient Health Questionnaire-D (PHQ-D) was used as an established measure of psy-
chological distress [33]. It allows for the assessment of the severity of the symptoms of depres-
sion (o = .88) and somatization (o = .79). Rated on a scale from 0 = (Not at all) to 3 (Almost
every day), the participants indicate to what extent a number of symptoms occurred during
the two preceding weeks.
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Statistical procedure

The internal consistency of the SCL-K-9 is reported as Cronbach’s a-coefficient. Item selectiv-
ity (discriminatory power) as the correlation of the item with the sum of all other items was
determined: item difficulty coefficients were calculated as quotients of the sum of the item val-
ues that were obtained and the sum of the maximum achievable item values multiplied by 100.

Shapiro-Wilk was used to test for univariate non-normality on the item level. Gender dif-
ferences were tested on the item level using Student’s paired t-test. In order to quantify the
gender differences, we estimated the effect size “g” (ES; Hedges & Olkin, 1985). In accordance
with Cohen’s convention (1988), ES > 0.2 is regarded as a small, ES > 0.5 as a medium, and
ES > 0.8 as a large effect size.

For the confirmatory factor analysis (CFA), full information maximum likelihood (FIML)
[34, 35] estimation was used in order to incorporate the answers from participants with par-
tially missing data. The norm values were based on participants with complete data
(n = 2,486). CFA was conducted to test the one-factor solution of the SCL-K-9. Given the vio-
lation of the multivariate normality assumption, the Yuan and Bentler’s [36] scaled x> and
standard errors (Maximum Likelihood Robust; MLR) [37] were used. MLR, in contrast to the
asymptotically distribution-free method (ADF), can also be used on moderately-sized samples
without restrictions [38].

To evaluate the goodness of fit of the relevant model, three different criteria were consid-
ered: while the root mean square error of approximation (RMSEA) as well as the 90% confi-
dence interval assess the absolute model fit, the two additional calculated criteria
(Comparative Fit-Index [CFI] and the Tucker Lewis Index [TLI]) are measurements of a rela-
tive model-fit compared to the “null” model. RMSEA values < .050 represent a “close fit”,
RMSEA values between .050 and .080 represent a “reasonably close fit”, and RMSEA values >
.100 represent an “unacceptable model” [39]. Regarding CFI and TLI, Hu and Bentler [40] sug-
gested a CFI and TLI > .950 for a good model fit. The Standardized Root Mean Residual
(SRMR) generally indicates good fit with values lower than .080 [40].

Furthermore, measurement invariance tests using multi-group factor analyses were con-
ducted across gender (group 1 = men; group 2 = women) and age (group 1: < 25 years of age;
group 2: 25 to 34 years of age; group 3: 35 to 44 years of age; group 4: 45 to 54 years of age;
group 5: 55 to 64 years of age; group 6: 65 to 74 years of age; group 7: > 75 years of age). Mea-
surement invariance tests were performed using the sequential strategy discussed by Meredith
and Teresi [41]: First, a configural invariance model was tested, e.g., which item loads on
which factor was imposed on the subgroups. Configural invariance refers to the equivalence of
the factorial structure. It is given if the analyzed constructs show the same dimensionality and,
in addition, the observed variables are correlated with the same latent constructs in both
groups. Configural invariance is necessary but not sufficient for expecting an unbiased com-
parison of measurements between groups. Second, the weak invariance model was tested by
constraining the estimate factor loadings to be equal across groups. If empirical support for
weak invariance is provided, it allows the comparison of structural relationships (e.g., correla-
tion coefficients, structural [path] coefficients) between latent constructs in groups. Third, the
strong invariance model was tested by constraining both intercepts and loadings to be equal
across groups. This level of invariance allows the comparison of means of the latent construct
between groups. Finally, the strict invariance model was tested by constraining the loading,
intercepts, and item error variances to be equal across groups. Different residual variances in
groups may have two possible consequences. First, it may lead to different reliabilities of indi-
ces in those groups. Second, it may affect decisions in screening processes that depend on the
expression of a construct, resulting in different error rates (e.g. sensitivity, specificity) for
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Var (au_gl) =...=Var (e1Lgy)
A3 Gl= ... = A3_Gk= WGl = ... = TGk + weak invariance
+ weak invariance + strong invariance
With: Groups = (G1, ..., Gk) and | With: Groups = (G1, ..., Gk) and | With: Groups = (G1. ..., Gk) and With: Groups = (G1, ..., Gk) and
Items.2.(1, ..., 10) Items.2.(I1, ..., 1T) Items 2. (11, ... 10) Items 2.1, ..., 1))

Fig 2. Models relevant for the invariance test.

https://doi.org/10.1371/journal.pone.0213490.9002

different groups [42] (please, see Fig 2 for further details). As noted by Chen [43], the com-
monly used chi-square differences tests of nested models is almost always significant in large
samples and highly sensitive to departures from multivariate normality. Thus, we used scaled
CFI differences (ACFI) as well as scaled RMSEA differences (ARMSEA) to compare the differ-
ence stages of measurement invariance. As recommended by Chen [43], a change of .010 in
ACFIyeq, supplemented by a change of ARMSEA 1.4 = 0.015, was regarded as indicative of
non-invariance. Furthermore, the absolute model fit of the relevant model was examined
using the aforementioned cut-off values. In the case that one or more model parameters identi-
fied by invariance tests were found to be variant across samples (partial measurement invari-
ance), the recommendation by Byrne et al. was followed [44] to conduct further invariance
tests only when a minimum of two invariant parameters per invariance test (e.g., at least two
factor loadings equivalent in metric invariance tests) were found. The data analysis was carried
out in R using the packages lavaan and semTools [45, 46].

Results

Descriptive item analysis

There were missing data for 21 participants (n = 9 male and n = 12 female). Therefore, a final
sample of N = 2,486 participant was used. As seen in Table 3, item selectivity values range
from .49 to .65 and were all above the critical value of 0.3. Significant univariate non-normality
was found via the Shapiro-Wilk test with all W > .51 (all p < .001) as well as for both skewness
and kurtosis. Most items tended to be significantly right-skewed and spikier than the Gaussian

PLOS ONE | https://doi.org/10.1371/journal.pone.0213490  April 5, 2019 7/16


https://doi.org/10.1371/journal.pone.0213490.g002
https://doi.org/10.1371/journal.pone.0213490

'PLOS|ONE

Symptom-Checklist-9-K: Norm values and factorial structure

Table 3. Item characteristics, selectivity and response frequencies of the items.

Item

“How much were you bothered or distressed
over the past 7 days by . . .2”

1...

uncontrollable emotional outbursts

2 ... finding it difficult to start something

3 ... feeling that you worry too much

4 ... emotional vulnerability

5 ... feeling observed or talked about

6 ... feeling uptight or agitated

7 ... feeling of heaviness in your arms and legs
8 ... feeling nervous when left to yourself

9 ... feelings of loneliness even in company
Total

M (SD) | Skewness | Kurtosis | selectivity | Alpha without Response Frequencies in %
Item not at | sometimes | rather |intense very
all intense intense
0.33 2.96 9.92 .61 .86 76.7% 16.5% 4.4% 1.6% 0.9%
(0.71)
0.45 2.18 5.26 .63 .85 67.6% 23.3% 6.1% 2.2% 0.8%
(0.78)
0.64 1.50 2.05 .64 .85 57.5% 27.5% 10.0% 3.7% 1.4%
(0.90)
0.61 1.72 3.00 .65 .85 59.1% 27.4% 8.8% 3.2% 1.1%
(0.89)
0.38 2.25 5.65 .58 .86 72.8% 19.9% 4.9% 1.8% 0.7%
0.72)
0.53 1.76 3.27 .62 .85 61.3% 27.8% 8.0% 2.3% 0.7%
(0.79)
0.43 2.03 4.04 49 .87 71.1% 19.3% 6.1% 2.6% 0.9%
(0.80)
0.31 2.71 7.75 .61 .86 78.4% 15.0% 4.5% 1.6% 0.5%
(0.68)
0.32 2.62 7.11 .63 .85 78.4% 14.3% 4.7% 2.1% 0.6%
(0.71)
0.40 - - - - - - -
(0.53)

Notes: Skewness = third standardized moment representing a measure of distributional asymmetry; Kurtosis = fourth standardized moment, representing a measure of

tailedness.

https://doi.org/10.1371/journal.pone.0213490.t003

distribution. The Cronbach’s Alpha was .87, which stands for a good reliability of the SCL-
K-9.

Effects of gender and age

In total, 1,367 women and 1,119 men responded to all the items of the SCL-K-9. In general,
males (M = 3.28; SD = 4.53) reported lower values in the SCL-K-9 than females did (M = 3.91;
SD =4.95), (2468.15) = 3.29, p = .001, ES = 0.13 . Males showed the lowest SCL-K-9 values
below 24 years of age. The SCL-K-9 value of males rose continuously with progressing age.
Females showed a different pattern concerning the trend of the SCL-K-9 across age groups.
Young women (up to 24 years of age) and women older than 65 years of age reported the high-
est values in the SCL-K-9 questionnaire. In-between these limits females reported lower
SCL-K-9 values. The lowest value was found in the age group ranging from 45 to 54.

Testing of the hypothesized one-factor model and measurement invariance

Fig 3 shows the results of the CFA for the one-factor solution of the SCL-K-9. An MLR-CFA
[36] with all 9 items loading on one latent factor resulted in acceptable to good fit: 3 scaled =
215.39, df = 27, p<.001, CFI = .949, TLI = .932, RMSEA= .053 (90%-CI = .049; .057) and
SRMR = .033. Factor loading ranging from A = .57 to .73.

The results of the measurement invariance analysis regarding age and gender are depicted
in Table 4. Regarding gender, the baseline model (Model 0; configural invariance), which
simultaneously estimated all model parameters freed across groups, resulted in excellent
model fit (CFlca1eq = -948; RMSEAa1eq = .054). Weak invariance was examined by comparing
Model 0 with Model 1 (see Table 4), which constrained all factor loadings to be invariant
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Notes: == = indicators; ¥ = T = true score; ® = £ = error score.

Fig 3. Confirmatory factor analysis model.

https://doi.org/10.1371/journal.pone.0213490.g003

across the aforementioned groups. ACFI and ARMSEA were below the cut-off recommended
by Chen. Furthermore, the model fit was excellent to good (CFlcsjeq = .947; RMSEA 1eq =
.051). Strong invariance was examined by comparing Model 1 with Model 2 (see Table 4),
which constrained all the item intercepts to be invariant across groups. Both, ACFI and
ARMSEA (= .000) were below the cut-off, and the general model fit was excellent to good
(CFLca1eq = 9415 RMSEAS 41eq = -051). Therefore, strong invariance can be assumed. Strict
invariance was examined by comparing Model 2 with Model 3, which constrained all item
residual variances to be invariant across groups. ACFI and ARMSEA were below the cut-off
recommended by Chen. Furthermore, the model fit was excellent to good (CFl; yjeq = -940;
RMSEAca1ea = -048). Thus, strict invariance can be assumed for gender.

Regarding age, the baseline model (Model 0) resulted in an excellent model fit (CFl; . jeq =
.945; RMSEA,  1eq = 0.058). Weak invariance was examined by comparing Model 0 with
Model 1 (CFIjeq = .942; RMSEA . 1eq = .054).; ACFI and ARMSEA were below the cut-off rec-
ommended by Chen. Strong invariance was examined by comparing Model 1 with Model 2,
resulting in a considerable worsening of the model fit (ACFI = .033) and an unacceptable
model fit (CFlc1eq = .909; RMSEAS 1eq = .061). Subsequently, two-item intercepts were freed
between groups (SCL3 “Feeling that you worry too much” and SCL7 “Feeling of heaviness in
your arms and legs”). The resulting Model 2b exhibited an acceptable difference in fit com-
pared with Model 1 (ACFI = .008; ARMSEA = .000) and a good to excellent model fit (CFl,jeq
=.934; RMSEAS 41eq = .054). Thus, partial strong invariance can be assumed. Strict invariance
was examined by comparing Model 2b with Model 3, again resulting in a considerable worsen-
ing of the model fit (ACFI = .024; ARMSEA = .003). Two-item residual variance was freed
between groups (SCL4 "Emotional vulnerability” and SCL7 "Feeling of heaviness in your arms
and legs”), the resulting Model 3b exhibited an acceptable difference in fit compared to Model
2b (ACFI = .008; ARMSEA = .001). Furthermore, the model fit was good to excellent (CFI =
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Table 4. Analysis of factorial invariance for age and gender using multi-group confirmatory factor analyses.

Zscatea | df | CFI |ACFI | RMSEA |ARMSEA | Measurement
Invariance Test®

Gender

(group 1 = men; group 2 = women)

Model 0 configural 253.16 | 54 | .948 | - .054 - Vv
invariance

Model 1 weak invariance 262.67 | 62 |.947 | .001 .051 .003 V4

Model 2 strong invariance | 294.49 | 70 |.941 | .006 .051 .000 V4

Model 3 strict invariance 305.22 | 79 |.940 | .001 .048 .003 V4

Age

(group 1: < 25y; group 2: 25 to 34 y; group 3: 35 to 44 y; group 4: 45 to

54 y; group 5: 55 to 64 y; group 6: 65 to 74 y; group 7: > 75y)

Model 0 configural 419.69 | 189 | .945| - .058 - Vv
invariance

Model 1 weak invariance 480.26 | 237 | .942 | .003 .054 .004 V4

Model 2 strong invariance | 668.18 | 285 |.909 | .033 | .061 .007 -

Model 2b strong invariance | 553.43 | 273 | .934 | .008 .054 .000 V4
(partial)

Model 3 strict invariance 705.79 | 327 | .910 | .024 | .057 .003 -

Model 3b strict invariance 625.77 | 315 |.926 | .008 .053 .001 V4
(partial)

Notes: df = degrees of freedom; CFI = Comparative Fit Index; ACFI = differences between models (0 and 1, 1 and 2a; 1 and 2b) regarding CFI; RMSEA = root mean
square of approximation; ARMSEA = differences between models (0 and 1, 1 and 2a; 1 and 2b) regarding RMSEA
* = ACFI > .010 supplemented by ARMSEA > .015 indicates non-invariance. / marks invariance

https://doi.org/10.1371/journal.pone.0213490.t004

.926; RMSEA = .053). Thus, partial strict invariance can be assumed for the SCL-9 regarding
age.

Validation of the SCL-K-9 version: SCL-27 and PHQ

To analyze whether the SCL-K-9 is an acceptable, efficient tool for identifying mental health,
the correlations between the general severity index of the SCL-K-9 and other questionnaires
were calculated. The GSI of the SCL-K-9 and the SCL-27 correlated at r = .86, which stands for
a very high correlation. The correlation coefficient between the GSI-K-9 and scales of the
Patient Health Questionnaire were: Stress = .54, Somatic symptoms = .60, and Depression =
.71. In this respect, these two questionnaires correlate highly as well.

Discussion

The SCL-90 [2] is the questionnaire most frequently used internationally to assess psychologi-
cal distress, especially in clinical practice [47, 48, 49, 50], but it is a very extensive and time-
consuming questionnaire. Therefore, short versions were developed for use in large represen-
tative studies. One of these is the SCL-K-9 version. The psychometric properties of this version
were analyzed in the present study. Internal consistency measured with Cronbach’s Alpha was
.87, which stands for a good reliability of the SCL-K-9. Hereby, a low value of alpha could be
due to, first of all, a low number of questions, second, a poor interrelatedness between items
or, third, a heterogeneous construct. Furthermore, a too high Cronbach’s Alpha value may
suggest that some of the items are redundant as the questions refer the same matter but are
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phrased differently (i.e. item wording). Since in this context a maximum alpha value of 0.90
has been recommended [51], the value determined here may be judged as positive.

Internal consistency is a necessary but insufficient condition for measuring uni-dimension-
ality in a set of items. Testing the hypothesized one-factor model using MLR-CFA resulted in
an acceptable to good model fit. Hence, a unidimensional interpretation of the SCL-9 total
score is given and a sum score can be calculated. Furthermore, evidence of strict invariance by
sex and age could be found. Therefore, unbiased comparisons of means, correlation coeffi-
cients and path coefficients within SEM in multivariable studies are possible, independent of
sex and age. Furthermore, undistorted screening of the sex and age groups is possible and
explicitly relevant.

Given differences in covariance structure parameters for gender and age, it can be con-
cluded that the SCL-K-9 is a robust instrument for the covariance structure of gender and age
in any sample of a multivariable study.

Even though there are fewer items, the SCL-K-9 shows an internal consistency similar to
that of other short versions. For example, the HSCL-25 showed a Cronbach’s Alpha range
from .84 to .87. However, the ultra-short version SCL-5 showed a lower internal consistency
with the Cronbach’s Alpha of .80. Therefore, it can be concluded that the internal consistency
of the scale may be affected by a sufficient sample procedure.

The correlation between the GSI-9 and the GSI-90 was calculated as r = .93, which stands
for a very high correlation. To our knowledge, there has never been another study reporting
the associations between the short versions (SCL-K-9) and the full long version (SCL-90-R).
With a value of .86, the correlation between the GSI-9 and the GSI-27 as well as the correlation
between the GSI-9 and the PHQ-scales Stress = .54, Somatic Symptoms = .60 and Depression
=.71, are moderate and high. In a Norwegian sample, the correlations of the SCL-5 with SCL-
25 ranged from .91 to .97. In respect to the mental health MHI-5, the correlations were
between -.76 and-.78 [9]. These correlations with the SCL-5 were slightly higher than the ones
from the present study with the SCL-K-9. This Norwegian sample is also a very large represen-
tative sample. However, the sample was drawn over the course of 15 years, therefore, changes
over time might have been measured as well. In addition, the SCL-K-9 was implemented by
itself, whereby the SCL-5 was taken out of a data set of the longer versions (SCL-25). Hereby,
the real associations based on a stand-alone SCL-5 data set and a longer version can only be
assumed. Therefore, in comparison to the longer version, these results speak in favor of using
the shorter and more efficient SCL-K-9 for assessing mental health.

High interpretation objectivity requires that the findings obtained by an instrument are
interpreted in the same way by different diagnosticians. Thereby, it is important that all inter-
preters possess comparable knowledge regarding the measurements of a questionnaire and
how individual or group values are to be interpreted quantitatively. The interpretation of a
scale can be subjective if no clear interpretation instructions or reference values/norm values
are given in the questionnaire documentation. Without any such information, it can only be
said that person or group A has a value B on scale C. In order to interpret, e.g., value Q as high
or low, comparison values/standard values are necessary for a representative sample. There-
fore, the norm values of the present representative sample were included in the present study
(see Tables 5 and 6).

The strength of the present study is its large representative sample and the statistical
approach to the results. However, the SCL-K-9 is only a screening instrument, and additional
assessments would be necessary for more profound conclusions. The SCL-K-9 enables the
screening of mental symptoms in psychotherapy in a time-saving manner. After screening,
intervention programs can be implemented more precisely for the population in need, thus
avoiding a possible chronification of diseases and their expensive treatment. However, the
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Table 5. Normative percentile values: Males.

SCL-9 14-24 (n = 131) 25-34 (n = 142) 35-44 (n = 192) 45-54 (n = 190) 55-64 (n = 208) 65-74 (n = 191) 75-94 (n = 65)
Sum Score
0 43.5 40.1 41.1 34.7 33.2 32.5 16.9
1 55.0 53.5 52.6 47.9 47.6 46.6 30.8
2 62.6 63.4 64.1 58.4 60.6 55.5 44.6
3 71.8 77.5 71.4 68.9 67.8 63.4 53.8
4 77.9 789 77.6 75.3 73.6 70.7 63.1
5 80.9 82.4 81.8 80.5 76.9 78.0 69.2
6 85.5 85.2 85.9 84.2 82.7 82.2 78.5
7 87.0 86.6 87.0 87.9 85.1 85.9 83.1
8 90.1 89.4 89.1 88.9 87.5 89.5 84.6
9 91.6 91.5 90.6 91.1 89.9 91.1 86.2
10 94.7 91.5 91.7 92.6 90.9 91.6 89.2
11 94.7 93.0 92.7 93.2 93.3 93.7 89.2
12 95.4 94.4 94.3 94.7 95.2 95.8 92.3
13 96.2 94.4 94.3 95.8 95.7 96.3 93.8
14 96.9 95.8 94.8 96.8 96.6 96.3 93.8
15 98.5 96.5 96.4 97.4 96.6 97.9 93.8
16 99.2 96.5 96.4 98.4 97.1 98.4 93.8
17 99.2 98.6 96.9 98.4 97.1 98.4 93.8
18 99.2 99.3 97.4 98.9 97.1 99.0 93.8
19 99.2 99.3 97.9 99.5 98.1 99.0 95.4
20 99.2 99.3 99.0 99.5 98.1 99.5 95.4
21 99.2 99.3 99.5 99.5 99.0 99.5 95.4
22 100 100 99.5 99.5 99.5 99.5 95.4
23 99.5 99.5 100 99.5 95.4
24 100 99.5 100 96.9
25 100 100
Note: The standards table is based on a total of 1,119 males.
https://doi.org/10.1371/journal.pone.0213490.t005
Table 6. Normative percentile values: Females.
SCL-9 14-24 (n = 130) 25-34 (n=187) 35-44 (n=291) 45-54 (n =230) 55-64 (n = 220) 65-74 (n=191) 75-94 (n = 118)
Sum Score
0 30.0 31.6 30.2 32.6 25.5 26.2 20.3
1 43.8 43.9 40.9 47.4 40.0 38.7 322
2 51.5 56.1 53.3 62.2 51.4 48.2 44.1
3 63.1 64.7 63.9 68.3 62.3 58.6 54.2
4 70.0 72.7 70.1 73.9 67.7 63.9 64.4
5 74.6 79.7 75.6 80.0 71.8 71.2 68.6
6 79.2 81.8 81.8 85.2 75.0 75.9 72.9
7 80.0 85.6 84.9 87.8 80.9 79.1 76.3
8 83.1 87.7 87.6 90.0 82.3 82.7 79.7
9 85.4 89.3 90.0 92.2 86.8 85.9 82.2
10 86.2 90.9 92.4 92.6 90.5 89.0 84.7
11 86.9 92.0 93.8 94.3 90.9 90.6 85.6
12 87.7 93.0 94.5 95.2 92.7 91.1 89.0
13 90.0 94.7 94.8 95.2 95.0 91.6 89.8
(Continued)
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Table 6. (Continued)

SCL-9 14-24 (n = 130) 25-34 (n = 187) 35-44 (n =291) 45-54 (n = 230) 55-64 (n = 220) 65-74 (n = 191) 75-94 (n = 118)
Sum Score

14 90.8 95.2 95.5 95.2 97.3 91.6 93.2
15 92.3 95.2 95.9 97.0 97.7 92.7 94.1
16 95.4 95.7 97.3 97.8 98.2 93.2 95.8
17 96.9 97.9 97.6 97.8 99.5 94.8 95.8
18 97.7 98.4 98.6 98.3 99.5 96.3 96.6
19 98.5 99.5 98.6 98.3 99.5 96.3 98.3
20 99.2 99.5 98.6 99.1 100 97.4 98.3
21 99.2 99.5 98.6 99.6 98.4 99.2
22 100 99.5 99.0 99.6 98.4 99.2
23 100 99.0 100 98.4 99.2
24 99.0 98.4 99.2
25 99.0 98.4 99.2
26 99.0 99.5 99.2
27 99.3 99.5 100
28 99.3 100

29 99.3

30 99.3

31 99.3

32 99.3

33 99.3

34 99.3

35 99.3

36 100

Note: The standards table is based on a total of 1,367 females.

https://doi.org/10.1371/journal.pone.0213490.t006

SCL-K-9 is not suitable for an extensive individual diagnostic as its results merely offer an
overview regarding the current psychological state. Therefore, detailed examinations would be

called for in the presence of high values.

Supporting information
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