
INTRODUCTION

Depression is a common mental health problem in adoles-
cents, with an estimated lifetime prevalence of 17%.1 It has 
been well-known that depression has an upsurge throughout 
adolescence.2 Depression in adolescence predicts high degree 
of comorbidity and poor long-term outcome. Two-thirds of 
adolescents with depression have at least one comorbid psy-
chiatric disorder such an anxiety disorder, ADHD, conduct 
disorder, and substance use disorder.3 Depressed youth are 
also at increased risk for educational underachievement, inter-
personal problems, and suicidal behavior. Another major con-
cern in adolescent depression is a high recurrence rate of de-
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pression. Longitudinal studies have shown that the risk for 
recurrent depression in adolescent depression is extremely 
high, with the rate of recurrence ranging between 30–70% in 
the 1–2 years of follow-up in clinical samples, and 16–33% in 
the 2–3 years follow-up in community samples.4-6 Considering 
the high prevalence and adverse consequences associated with 
adolescent depression, it is of special interest to screen for de-
pressed youth. For these reasons, several screening instru-
ments have been used to detect depression early.

The Children’s Depression Inventory (CDI) is one of the 
most widely used instruments for assessing the presence and 
severity of depressive symptoms in children and adolescents 
(age 7–17).7 The CDI can be completed by adolescents in ap-
proximately five to ten minutes and does not require specific 
training for scoring or interpretation. The CDI has established 
good reliability and validity for describing depressive symp-
toms,7,8 has good correlation with other scales,9 and high pre-
diction validity for suicidal ideas.10 Thus the CDI has been used 
as a quick screening tool for depressive symptoms in clinical 
and general populations.

A cut-off score for the CDI was developed to differentiate 
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between youth with and without a depressive disorder for the 
purposes of early detection and determining adequate treat-
ments. Kovacs11 recommended that the cut-off score in clinical 
settings needs to be sensitive and is set at 13. Meanwhile, in non-
clinical samples, the cut-off score is 19 or 20, which seems to be 
specific enough to identify samples of potentially depressed 
children and adolescents. Many studies tested a cut-off score 
for their own countries, after considering the cultural and eth-
nic influences.

In developing the Korean version of the CDI, Cho and Lee12 
postulated that the cut-off scores to detect depression in Kore-
an population might be different from those used in Western 
countries because of cultural difference. However, there has 
been no published study yet to propose a cut-off score sup-
ported by systematic research. Therefore, although many clini-
cians and researchers have applied the CDI in their practice or 
research, there is still ambiguity about the diagnostic threshold 
of depression.13,14

Taking this into consideration, the present study had two 
major aims: 1) to establish an optimal cut-off score for the CDI 
when detecting depression in Korean adolescents; 2) to identi-
fy cut-off scores which classify severity of depression.

METHODS

Participants and procedures
The sample consisted of students aged 12–16 years from 8 

middle schools in Busan, Korea. School recruitment consisted 
of contacting individual school principals to obtain permission 
to contact students for study participation. All students partic-
ipated in the study after informed consent was obtained. In-
formed consent was attained from 649 students and their legal 
guardians. Students were requested to complete the CDI be-
fore diagnostic interview. The individual diagnostic interviews 
were carried out using the Korean version of the Kiddie 
Schedule for Affective Disorders and Schizophrenia Present 
and Lifetime Version (K-SADS-PL-K). A total of 54 (8.3%) of 
students gave incomplete responses on the CDI and their 
questionnaires were excluded from the analysis. An additional 
109 (16.8%) of respondents did not participate in the diagnos-
tic interview and were also excluded from the analysis. We 
were thus able to analyze the data from 468 (72.1%) of stu-
dents. Ethical approval for the study was obtained from the In-
stitutional Review Board of Dong-A University Hospital.

Measures
The Korean version of the CDI and K-SADS-PL-K were 

used to evaluate depressive symptoms and severity. The Clini-
cal Global Impression-Severity (CGI-S) was administered as an 
adjunctive measure to quantify severity of depressive symptoms.

Children’s depression inventory (CDI)
There are 27 items quantifying symptoms such as depressed 

mood, hedonic capacity, vegetative functions, self-evaluation, 
and interpersonal behaviors. Each item consists of three state-
ments graded in order of increasing severity from 0 to 2; chil-
dren and adolescents select the one that characterized their 
symptoms best during the past 2 weeks. The item scores are 
combined into a total depression score, which ranges from 0 to 
54. A higher CDI score means a higher depressive state. We 
used a Korean version of the CDI12 which demonstrated good 
reliability and validity for assessing depressive symptoms.

Korean version of the kiddie schedule for affective 
disorders and schizophrenia present and lifetime version

In the present study, K-SADS-PL-K was used as a gold stan-
dard measure to confirm diagnosis and rate severity of major 
depression according to DSM-IV-TR15 criteria. The K-SADS-
PL-K has good reliability and validity when diagnosing psy-
chiatric disorders in children and adolescents.16 The K-SADS-
PL-K was administered by four professional psychiatrists, six 
psychiatry residents, and six clinical psychologists who were 
blinded to each participant’s scores on the CDI. After two train-
ing sessions and three case rehearsals, inter-rater agreement 
for psychiatric diagnosis was substantial (κ=0.75).

Clinical global impression-severity
The CGI-S rates the severity of the patient’s illness, on a 

7-point scale ranging from 1 (normal) to 7 (extremely Ill), ac-
cording to the clinician’s experience of patients suffering from 
the same condition.17 Higher scores therefore signify greater 
severity and/or worse outcomes.

In our study, we used the CGI-S as an auxiliary tool to rate 
symptom severity and K-SADS-PL-K as a gold standard. DSM-
IV-TR provides guidelines but not quantifiable methods to 
rate severity of depression according to intensity of symptoms 
and social functioning impairment. Thus, we applied the CGI-
S as a quantifiable measure to rate symptom severity. At the 
outset, participants were categorized into three groups accord-
ing to severity (i.e., mild, moderate, and severe) after K-SADS-
PL-K interview. Next, we compared the mean CGI-S scores of 
the three severity groups. It was assumed that the correspon-
dence of the mean CGI-S scores and the severity groups would 
confer additional validity to the severity classification based on 
the K-SADS-PL-K interview.

Statistical analysis
We conducted receiver-operating characteristics (ROC) 

analyses for CDI sum scores to evaluate case-finding perfor-
mance. Diagnosis of major depressive disorder was assigned 
according to the K-SADS-PL-K which served as an external 
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criterion. The accuracy of the CDI in detecting depression was 
measured by the area under the ROC curve (AUC). AUC val-
ues of ≥0.90 are considered excellent, 0.80–0.90 good, 0.70–
0.80 fair, and <0.70 poor.18 ROC analyses were performed for 
the total subjects and subgroups based on gender.

We calculated the sensitivity, specificity, positive predictive 
value (PPV) and negative predictive value (NPV) for candi-
date cut-off points. Optimal cut-off values were those that 
demonstrated a maximal Youden Index (Y)19 which represents 
the highest combination of sensitivity and specificity. McNe-
mar’s tests were used to calculate the differences in sensitivity 
and specificity.

To examine the severity cut-off scores, three ROC analyses 
were conducted. Patient groups with major depression were 
divided into mildly, moderately, and severely depressed pa-
tients. Mildly depressed patients were compared to controls, 
moderately depressed patients were compared to controls and 

mildly depressed patients, and severely depressed patients were 
compared to controls and mildly and moderately depressed 
patients. One-way analysis of variance was carried out to com-
pare the CGI-S scores of severity classification. All analyses 
were conducted using IBM SPSS Statistics 18.0 (version 18.0, 
SPSS Inc., Chicago, IL, USA).

RESULTS

Demographic characteristics and diagnostic results
Among 468 subjects who finished diagnostic interview, 

44.4% were boys and 55.6% were girls. The mean age was 13.3 
years (SD=1.0). Of these, 63 (13.5%) students were classified 
into patient groups according to DSM-IV-TR, with 405 (86.5%) 
students as control groups.

The patient groups were divided into 22 (34.9%) boys and 41 
(65.1%) girls based on gender. In order of severity, 21 (33.3%) 
were mildly depressed patients, 27 (42.9%) were moderately 
depressed patients, and 15 (23.8%) were severely depressed pa-
tients in the patient groups.

Comparison of the CDI sum scores
The CDI scores of total subjects ranged from 0 to 51, and 

the mean score was 12.03 (SD=9.95). The girls had higher CDI 
mean scores than boys (13.22±10.74 vs. 10.53±8.65, p=0.003). 
The mean scores of the patient groups were three times higher 
than the control groups (27.83±10.13 vs. 9.57±7.32, p<0.001).

Screening of depressive disorders and cut-off scores
The results of the ROC analyses for the total subjects and 

separated by gender are presented in Figure 1 and Table 1. In 
ROC analysis for the total students, overall detecting power of 
the CDI scale was high [AUC=0.93, 95% confidence interval 
(CI) 0.89–0.96]. A CDI sum score of 20 (sensitivity=0.83, speci-
ficity=0.89) was identified as optimal screening cut-off scores 
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Figure 1. ROC curves of CDI sum scores for the complete sam-
ples and separated by gender. ROC: receiver-operating charac-
teristics, CDI: Children’s Depression Inventory.
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Total subjects
Girls
Boys
Reference

Table 1. Results of ROC analyses for the complete samples and separated by gender

Complete samples Girls Boys
Cases (N)/Controls (N) 63/468 41/260 22/208
AUC (95% CI) 0.93 (0.89–0.96) 0.92 (0.87–0.97) 0.94 (0.90–0.98)
Optimal cut-off scores

Cut-off score ≥20 ≥20 ≥17
Sensitivity (95% CI) 0.83 (0.70–0.91) 0.86 (0.70–0.94) 0.86 (0.64–0.96)
Specificity (95% CI) 0.89 (0.86–0.92) 0.86 (0.81–0.90) 0.87 (0.81–0.91)

Gender-unspecific cut-off score
Cut-off score ≥20 ≥20
Sensitivity (95% CI) 0.86 (0.70–0.94) 0.77 (0.54–0.91)
Specificity (95% CI) 0.86 (0.81–0.90) 0.93 (0.87–0.96)

AUC: area under the curve, CI: confidence interval, ROC: receiver-operating characteristics
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(Y=0.72). 54% of those indicated as depressed by a sum score 
above 20 were also diagnosed with a major depressive disorder 
according to the K-SADS-PL-K (PPV). 97% of those with a sum 
score below 20 did not meet diagnostic criteria either (NPV).

When the students were divided into gender, the optimal 
cut-off score for girls was 20 (sensitivity=0.86, specificity=0.86, 
PPV=0.54, NPV=0.97). For boys, the optimal cut-off score was 
17 (sensitivity=0.86, specificity=0.87, PPV=0.43, NPV=0.98). 
When the cut-off score 20 was applied for boys, the sensitivity 
(0.77) of the screening cut-off score was slightly lower than for 
the gender-specific cut-off score (≥17), whereas specificity 
(0.93) was slightly higher. These slight differences were not 
significant (p=0.5).

Rating of depression severity 
After diagnostic interview with K-SADS-PL-K, the patients 

were selected and classified into three groups as mildly, mod-
erately, and severely depressed patients by depressive symptom 
severity. The CGI mean scores separated by depression severi-
ty were statistically significant (p<0.001) for showing mildly 
depressed (3.19±0.87), moderately depressed (4.11±0.51), and 
severely depressed subjects (5.47±0.52).

ROC analyses identified the cut-off scores according to 
symptom severity (Table 2): 15 for mildly depressed (sensitivi-
ty=0.86, specificity=0.76), 20 for moderately depressed (sensi-
tivity=0.89, specificity=0.86), and 25 for severely depressed 
subjects (sensitivity=0.80, specificity=0.90).

DISCUSSION

To our knowledge, this is the first study reporting sensitivity, 
specificity, and AUC parameters of the CDI cut-off scores in 
Korean adolescents. The results regarding our two aims sug-

gest that: 1) the optimal cut-off score for screening depression 
was 20; 2) according to severity, the cut-off scores were 15 for 
mildly depressed, 20 for moderately depressed, and 25 for se-
verely depressed subjects. The AUC results demonstrated that 
the CDI cut-off scores of our study were useful for classifying 
depressed and non-depressed youth and rating the severity of 
depressive symptoms. 

In this study, a cut-off score of 20 had an NPV of 97%, sug-
gesting this cut-off score would result in a small number of 
missed cases. This cut-off score is the same as the originally 
suggested score by Kovacs, whose study was performed with a 
sample of 1,226 American public school children aged 7–16 
years.11 In another study with a clinical sample of 80 European 
youths, a cut-off score of 20 minimized the proportion of false 
positives but resulted in a higher proportion of false negatives 
as in our study.20 Thus, this cut-off score is proper in screening 
because correctly ruling out depression is more important 
than correctly diagnosing depression in the general population. 

There was a gender difference regarding the screening cut-
off scores: 20 for girls, 17 for boys. However, it is noteworthy 
that a score of 20 is an acceptable screening cut-off value for 
both boys and girls. When we tested the change of detection 
power between a cut-off score of 17 and 20 in boys, there was 
no statistical significance of sensitivity and specificity between 
the two scores. Thus, when clinicians and researchers use the 
CDI for the purpose of screening depression, a cut-off score of 
20 can apply regardless of the clients’ gender.

When we examined the optimal cut-off scores in order of 
depression severity, a cut-off score of 20 has a high specificity 
sufficient to detect moderate or severe depression. Whereas a 
cut-off score of 15 is enough to identify depression in even 
mild episodes, because of the high sensitivity. Kovacs11 report-
ed that the cut-off score of 20 was suggested for screening in a 

Table 2. Comparison of CDI sum scores and cut-off scores for rating severity

No depression
Major depressive disorder

Mild Moderate Severe
Cases (N)/Controls (N) 405/0 21/405 27/426 15/453
Comparison of CDI sum scores and CGI-S scores

CDI mean (SD) 9.57 (7.32) 25.62 (11.74) 27.56 (8.22) 31.40 (10.53)
CGI-S mean (SD) 2.10 (1.24) 3.19 (0.87) 4.11 (0.51) 5.47 (0.52)

Results of ROC analyses
AUC (95% CI) 0.86 (0.77–0.95) 0.93 (0.89–0.96) 0.92 (0.87–0.97)

Cut-off score by severity
Cut-off score ≥15 ≥20 ≥25
Sensitivity (95% CI) 0.86 (0.63–0.96) 0.89 (0.70–0.97) 0.80 (0.51–0.95)
Specificity (95% CI) 0.76 (0.75–0.83) 0.86 (0.82–0.89) 0.90 (0.87–0.93)

AUC: area under the curve, CDI: Children’s Depression Inventory, CGI-S: Clinical Global Impression-Severity, CI: confidence interval, SD: 
standard deviation
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general population in which the prevalence of depression is 
likely to be low, and a cut-off score of 13 was suggested for 
clinic-referred samples in which the prevalence of depression 
is likely to be higher. Likewise, in our study, we propose that 
the cut-off score of 20 is optimal for general populations and 
the cut-off score of 15 is proper for clinical populations.

The mean score of the CDI in our study was higher than in 
Western studies.9,20,21 Korean studies reveal that the mean score 
of the CDI tends to be higher than that of Western stud-
ies.12,22,23 Some authors postulated that the false positive rate 
would increase when the cut-off score which was originally 
suggested by Kovacs was applied in Korean populations.24 For 
this reason, they suggested 22–25 as cut-off scores for the CDI. 
In our study, however, the false positive rate was not higher 
than in Western studies when applying the cut-off score of 
20.20 Some methodological considerations arise from this is-
sue. The cut-off value that is estimated from the mean and 
standard deviation of the studied population has some limita-
tions. Alegret et al.25 discussed this issue. They pointed out that 
the cut-off values using this strategy have the limitation that 
the classification of “abnormal” depends on the characteristics 
of the normative sample and does not provide an empirical es-
timation of the relevant cut-off value for abnormal states. For 
complementing this issue, we conducted the ROC analyses 
rather than using a method which depended on deviation 
from the mean score. ROC analysis has been known to be the 
best analytic method to validate the predictive power and find 
the optimal cut-off score of the screening instrument.

Another methodological consideration regarding this issue is 
the confirmatory diagnostic tool. To set a cut-off score, it is es-
sential to compare the score of the questionnaire with the cor-
responding diagnosis. We used the K-SADS-PL-K as the gold 
standard for diagnosing depression. The K-SADS-PL-K is a de-
sirable diagnostic tool with good reliability and validity.16 The 
structured interview with K-SADS-PL-K was able to reduce the 
false positive and false negative diagnosis of MDD in our study.

The present study has several limitations. First, the partici-
pants in our study included students aged 12–16. Thus the re-
sult of our study may be inapplicable to screening of depres-
sion in other age groups. Because depression is more prevalent 
in adolescents than children, the CDI cut-off score may be 
lower in adolescents than children. Further studies will be 
needed to apply our results to a child population. Second, re-
ferral bias should be considered because the adolescents or 
their caregivers were not randomly selected. It is thus possible 
that adolescents who have been concerned about their mental 
health or already have depression may have participated in our 
study. Such participants may have overstated their symptoms, 
and diagnosis of depression may therefore have been overesti-
mated. In our study, the overall rate of depression was 13.5%, 

which is relatively high compared with some other Korean 
studies.13,14,23 However, the validity of diagnosis in our study is 
supported by structured diagnostic interview, which is more 
reliable than other questionnaire-based studies. Third, the pos-
sibility exists that a high prevalence rate of depression may 
have interfered with our results (e.g., lower cut-off scores).

Despite these limitations, the strength of our study was in 
using a systematic approach to set the cut-off scores. Thus, the 
findings of our study could be a helpful guideline for screening 
depression and rating severity in adolescents. Although diag-
nosis of depression should be confirmed through the multiple 
assessments, the cut-off score of our study will provide a quick 
and tentative threshold for classifying depression.
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