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INTRODUCTION

Psychiatric treatment has developed and improved the symp-
toms of many patients. Increasingly, attention is shifting to 
preventing diseases and early treatment as healthcare servic-
es expand. Screening and monitoring are essential processes 
in the prevention and treatment of diseases.1 Unlike other 
conditions, psychiatric symptoms are challenging to quantify 
or visually reveal. It is not easy to check the mental health of 
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people who do not visit hospitals because many diagnostic 
parts rely on face-to-face diagnosis by experts. Self-survey is 
not available for diagnostic purposes because it is less accu-
rate to diagnose diseases. Still, it can be used to check the pos-
sibility of illness before visiting the hospital and nonmedical 
institutions such as state and local mental health welfare centers.

It is still essential for doctors and patients to meet, observe, 
and talk directly for accurate diagnosis and effective treatment. 
But repeated pandemics face the limitations of the classical 
care system. Most recently, pandemics threatening the world, 
such as coronavirus disease-19, severe acute respiratory syn-
drome, and middle east respiratory syndrome, have repeat-
edly emerged. In situations such as pandemics, where contact 
between doctors and patients can be minimal, mobile appli-
cation tests can be helpful in that non-face-to-face evalua-
tion is possible.2

The trend of modern medicine is moving toward prevent-
ing diseases and shifting toward individuals knowing and 
managing their health conditions. Several researchers also 
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point out that mobile devices can be helpful tools for patients 
to keep their daily health on their own. The growing number 
of smartphone users worldwide also shows that mobile de-
vices have the potential to be valuable tools for health care.3-5

A mobile application can be an attractive alternative in 
terms of cost-effectiveness without visiting the institution in 
person. The cost reduction effect is even more remarkable be-
cause it is easy to perform the test and collect and analyze data. 
Therefore, in this paper, we aimed to confirm whether mental 
health screening tests, which can be the basis for smart men-
tal health care, have the same significance as the paper-based 
test even when collected through mobile applications.6

The questionnaires used for psychiatric screening in this 
study are the Patient Health Questionnaire 9-item scale (PHQ-
9) and the Generalized Anxiety Disorder 7-item scale (GAD-7). 
Depressive and anxiety disorders are the most common psy-
chiatric diseases, and we used these two scales to measure de-
pression and anxiety.7

METHODS

Subjects 
Smart mental care screening tests were conducted on the 

local community population in Busan, Korea, and the sub-
jects were recruited by opening posters. After explaining the 
purpose and method of this study, we proceeded with written 
consent. A total of 1,327 subjects participated, with a mean 
age of 41.47 (±19.15) years recruited. The sample size of this 
study was 1,327, which is relatively much larger than the sam-
ple size of previous papers that collected data using mobile 
devices.8,9

Procedure 
This study was conducted with the approval of the Institu-

tional Review Board at Pusan National University Hospital 
(H-2110-011-108). We collected demographic and basic med-
ical data such as age, gender, educational background, psy-
chiatric treatment history, and family history from the sub-
jects. In addition, we measured four indicators of depression 
(PHQ-9), anxiety (GAD-7), stress (Perceived Stress Scale, PSS), 
and quality of life (abbreviated version of the World Health 
Organization Quality of Life, WHOQOL-BREF) to check 
mental health medical status. All information, including ques-
tionnaires, was collected on tablet PCs and mobile phones.

Outcome measures

Depression (PHQ-9)
PHQ-9 is a survey developed by Spitzer et al.10 in 1999 to 

help detect and diagnose major depressive disorders in pri-

mary clinical scenes. PHQ-9 consists of 9 questions, and each 
item was created using the diagnostic criteria of Diagnostic 
and Statistical Manual of Mental Disorders, 4th Edition11 de-
pression illustration. Each item must respond according to 
the frequency of symptoms experienced over the past two 
weeks, from “not at all” to “near every day,” on a 4-point Lik-
ert scale. After calculating the total score for each item, 0–4 
points can be evaluated as minimal, 5–9 points as mild, 10–
14 points as moderate, 15–19 points as moderate-high, and 
20 points or more as high depression.12 In this study, we used 
the Korean version of the depression screening tool translat-
ed by An et al.13 The internal consistency and test-retest reli-
ability were 0.95, 0.91, and more than 9 points out of 27 were 
set as the cutting point for depression (sensitivity: 88.5%, 
specificity: 94.7%).

Anxiety (GAD-7)
GAD-7 is a screening tool developed to identify individu-

als with Generalized Anxiety Disorder.14 It consists of seven 
questions about common symptoms of anxiety experienced, 
such as feeling nervous, worrying too much, and having 
trouble relaxing. Participants are expected to respond on a 
Likert scale between 0 and 3 points depending on how often 
they have experienced anxiety symptoms over the past two 
weeks (0=not at all, 3=nearly every day). This study classified 
5–9 out of 21 points as mild, 10–14 points as moderate, and 
15 or more points as severe. The Korean version of the GAD-7 
has shown adequate internal consistency (α=0.91) and good 
convergent validity (moderate to strong correlation with the 
Depression Anxiety and Stress Scale-21 anxiety subscale, 
r=0.73).15

Statistical analysis
Data analysis was performed using IBM SPSS Statistics for 

Windows (version 22; IBM Corp., Armonk, NY, USA). De-
mographic and clinical characteristics were summarized us-
ing descriptive statistics such as numbers and percentages for 
categorical variables or means and standard deviations for 
continuous variables. We analyzed the clinical characteristics 
among the age groups by analysis of variance. We evaluated 
the reliability of each questionnaire through Cronbach’s al-
pha, an internal consistency indicator that assesses the ho-
mogeneity of the item. Cronbach’s alpha was interpreted ac-
cording to the criteria presented by George and Mallery.16 We 
confirmed the validity of the questionnaire through principal 
component factor analysis. Pearson’s correlation analysis with 
PSS and WHOQOL-BREF was performed to evaluate the 
concurrent validity of PHQ-9 and GAD-7.
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RESULTS

Demographic and clinical characteristics
When the 1,327 subjects were classified by age group, 429 

(32.3%) were in their 20s, and 39 (2.9%) were in their 10s. 
Demographic characteristics, such as gender, history of psy-
chiatric treatment, and family history of psychiatric illness, 
were analyzed, excluding missing data (n=1,289). Of the 1,289 
subjects, 527 (40.9%) were males, and 762 (59.1%) were fe-
males. Of the subjects, 82 (6.4%) had experience in psychiat-
ric diagnosis, and 43 (3.3%) had a family history of mental ill-
ness (Table 1).

The reliability and validity of the questionnaire

Depression (PHQ-9)
The Cronbach’s alpha value of PHQ-9 was 0.870, which was 

confirmed to be good. We confirmed the structural validity of 
PHQ-9 through principal component analysis and found one 
component with an eigenvalue of 1 or more (Table 2). It means 
that it is appropriate to explain PHQ-9 as one factor, and it is 
consistent with previous studies.17,18

Anxiety (GAD-7)
The Cronbach’s alpha value, an index of internal consisten-

cy of GAD-7, was found to be very good at 0.919. 
We confirmed the structural validity of the questionnaire 

through principal component analysis. We confirmed that 
68.5% of the total variation of GAD-7 was described as one 
factor, and it was appropriate to explain it as one factor as in 
previous studies (Table 2).19,20 Therefore, we can say that GAD-7 
shows structural validity.

Results of mental health indicators

Distribution of depression analyzed through the PHQ-9 
questionnaire

Table 3 summarizes the depression scores measured through 
PHQ-9. The distribution of PHQ-9 questionnaire responses 
showed the highest frequency at 0 and a strong positive skew-
ness. The depression score evaluated with the PHQ-9 ques-
tionnaire was 4.58 (±4.92) on average and the average score 
was the highest in teenagers (7.56±7.82). As a result of clas-
sifying the PHQ-9 score by a cutoff of 9, 231 (17.4%) of the to-
tal subjects experienced significant depression. Among them, 
25 (1.9%) had a high level of depression to the extent that medi-
cal intervention should be considered.

Distribution of anxiety analyzed through the GAD-7 
questionnaire

We summarized the anxiety scores measured through GAD-
7 in Table 4. The distribution of the GAD-7 questionnaire re-
sponses also showed the highest allocation at 0, showing posi-
tive skewness. The average total score was 2.85 (±3.95), and 
the average score was highest among teenagers (4.87±6.11). 
When the GAD-7 score classified severity, 6.6% of the sub-
jects showed moderate to severe anxiety. The proportion of 
subjects with moderate to severe anxiety was the highest in 
their teens (15.4%).

Concurrent validity of PHQ-9 and GAD-7
Pearson’s correlation between the PHQ-9 and the GAD-7 

had a strong positive correlation between the two measure-
ments of depression and anxiety (r=0.785, p<0.01). The PHQ-9 
and the WHOQOL-BREF showed a moderate negative cor-
relation (r=-0.471, p<0.01). The PHQ-9 and the PSS had a weak 
positive linear relationship (r=0.151, p<0.01). The GAD-7 and 
the WHOQOL-BREF also showed a moderate negative cor-
relation (r=-0.432, p<0.01). Lastly, the GAD-7 and the PSS had 
a weak positive linear relationship (r=0.199, p<0.01).

DISCUSSION

This study attempted to confirm whether the mental health 
screening test through a mobile application has the same sig-
nificance as when the same test was performed on paper (face-
to-face). Previous face-to-face studies on the psychometric 

Table 1. Demographic and clinical variables of participants

Variable Value (N=1,327)*
Age (yr) 41.47±19.15
Gender (N=1,289) 

Male    527 (40.9)
Female    762 (59.1)

Hx of psychiatric treatment (N=1,289) 
Yes    82 (6.4)
No 1,207 (93.6)

FHx of psychiatric illness (N=1,289) 
Yes    43 (3.3)
No/don’t know 1,246 (96.7)

PHQ-9   4.58±4.92
GAD-7   2.85±3.95
PSS 29.10±4.50
WHOQOL-BREF   93.20±17.93
Values are presented as mean±standard deviation or number (%). 
*sample size might be different in each comparison group due to 
the missing values in categorical variables. Hx, history; FHx, family 
history; PHQ-9, Patient Health Questionnaire 9-item scale; GAD-7, 
Generalized Anxiety Disorder 7-item scale; PSS, Perceived Stress 
Scale; WHOQOL-BREF, abbreviated version of the World Health 
Organization Quality of Life
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characteristics of the PHQ-9 and the GAD-7 revealed that the 
internal consistency of the Korean version of the PHQ-9 was 
0.79–0.95, and the test-retest reliability was 0.91. The GAD-7 
has shown internal consistency of 0.91 and shown good con-
vergent validity.13,15,17 As a result of our study, we found that 
both PHQ-9 and GAD-7 showed good internal consistency 
(Cronbach’s alpha=0.870, 0.919, respecively). When confirmed 
through principal component analysis, both questionnaires 
showed good structural validity. We also revealed that as face-

to-face evaluation, PHQ-9 and GAD-7 conducted by mobile 
applications have good reliability and validity.

A study comparing smartphone-based and non-smart-
phone-based Beck Depression Inventory (BDI) found overall 
high comparability (intraclass correlation coefficient=0.921; 
p<0.001). Although the study included a relatively small sam-
ple of 173 participants, it has the strength that they used vari-
ous evaluation tools for validation (non-smartphone-based 
BDI, clinical rating scale).21 The results of this study show that  

Table 2. Validity and reliability of the Korean version of the PHQ-9 and GAD-7 scales

Questionnaires Validity Reliability

items Factor loading Communality Eigenvalue Variance (%)
Cronbach’s 

alpha
PHQ-9 4.607 51.186 0.870

Item 1 Anhedonia 0.720 0.519
Item 2 Depressed or hopeless 0.797 0.635
Item 3 Sleep changes 0.639 0.408
Item 4 Fatigue or loss of energy 0.699 0.489
Item 5 Appetite changes 0.664 0.441
Item 6 Worthlessness or guilt 0.738 0.545
Item 7 Trouble concentrating on things 0.743 0.551
Item 8 Psychomotor agitation or retardation 0.734 0.539
Item 9 Suicidal ideation 0.693 0.481

GAD-7 4.797 68.531 0.919
Item 1 Felling nervous, anxious, or on edge 0.853 0.728
Item 2 Not being able to stop or control worrying 0.849 0.720
Item 3 Worrying too much 0.816 0.666
Item 4 Trouble relaxing 0.862 0.744
Item 5 Being so restless 0.848 0.719
Item 6 Becoming easily annoyed or irritable 0.752 0.566
Item 7 Feeling afraid as if something awful might happen 0.808 0.654

PHQ-9, Patient Health Questionnaire 9-item scale; GAD-7, Generalized Anxiety Disorder 7-item scale

Table 3. Depression score (PHQ-9) according to the age of subjects

Age Number
PHQ-9

F p
Depression (%)* Mean±SD

10s (ages 10–19 yr) 39   16 (41.0) 7.56±7.82

6.844 <0.001

20s (ages 20–29 yr) 429   90 (21.0) 5.25±4.97
30s (ages 30–39 yr) 199   29 (14.6) 4.63±4.88
40s (ages 40–49 yr) 202   38 (18.8) 4.69±4.88
50s (ages 50–59 yr) 153   18 (11.8) 3.78±4.07
60s (ages 60–69 yr) 119   13 (10.9) 3.32±4.43
70s (ages 70–79 yr) 138   15 (10.9) 3.18±3.77
80+ (ages 80 yr or more) 48   12 (25.0) 5.29±6.19
Total 1,327 231 (17.4) 4.58±4.92
p-values are from ANOVA. *number of subjects with depression: PHQ-9, cutoff 9. SD, standard deviation; PHQ-9, Patient Health Question-
naire 9-item scale 
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the measurement of mental health through mobile applica-
tions has overall high validity and can be a useful monitoring 
tool.

According to the 2021 National Health Statistics and the 
2022 Statistics Korea Youth Statistics, 11.3% of adults experi-
enced depression, and 26.8% of middle and high school stu-
dents experienced depression.22,23 The results of national sta-
tistics are consistent with the results of this study in that they 
show the highest proportion in their teens (depression, 41%; 
anxiety, 15.4%). Teenagers of all ages are the group that can 
handle mobile devices the most skillfully, so screening and 
therapeutic intervention of mental health through mobile de-
vices can be more effective. Mental health monitoring through 
mobile applications has potential positive effects, primarily on 
youth and subclinical populations.8 Studies have shown that 
self-monitoring mobile applications are suited to first-step 
interventions. It may help young people to gain more informa-
tion about their mental health and to utilize more adaptive 
coping strategies.24,25

Measurement using mobile devices is not always practical. 
For example, measuring through mobile applications can be 
convenient and valuable for those skilled in using mobile de-
vices. But it can be cumbersome for those not used to mobile 
devices, such as the elderly. In addition, it is sometimes diffi-
cult to understand the contents of the survey, but it is difficult 
to provide additional help if they do not perform a face-to-face 
examination. However, mental health care in the future will 
broadly collect data from daily life and move toward evalua-
tion and management. Therefore, this study, which evaluates 
mental health status using the mobile application, which is 
the basis for this approach, will be an essential cornerstone for 
future research.

This study has several limitations. First, it is difficult to closely 
identify the presence or absence of a disease because subjectiv-

ity is greatly reflected due to the nature of self-survey. Second, 
due to the nature of mobile applications, there is more likely 
to be an insincere response.26 Although there are these limita-
tions, it will be more useful than the limitation when it is recalled 
that it has the purpose of screening rather than diagnosis.

All medical fields, including psychiatry, are facing a new 
phase with the development of digital technology. Many ap-
plications for screening and treating mental illness are being 
developed, but it is still difficult to find applications confirmed 
for clinical usefulness and safety.4,27 Therefore, efforts to con-
firm the usefulness and safety of a new mental health man-
agement tool will be continuously needed. Therefore, efforts 
to ensure the usefulness and safety of a new mental health man-
agement tool will be continuously needed.
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