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Purpose: Smartphone-based questionnaires have advantages compared with their paper

versions, but there is a lack of consistent research on depressive disorder questionnaires.

This study aimed to assess the equivalence between the paper and smartphone versions of the

Quick Inventory of Depressive Symptomatology-Self-Report (QIDS-SR16) and Patient

Health Questionnaire-9 (PHQ-9) for patients with depressive disorders in psychiatric hospi-

tals in China.

Patients and Methods: This was a randomized crossover study of 110 depressed patients

recruited from the outpatient department of Beijing Anding Hospital from March 2016 to

September 2018. Group 1 completed both the QIDS-SR16 and PHQ-9 in paper format and

then completed the smartphone version 1–2 h later. Group 2 completed the scales in the

reverse order. Reliability was evaluated using intraclass correlation coefficients (ICCs) with

95% confidence intervals (CI). The expected ICC was 0.9 (α=0.05).

Results: The overall ICC score of the QIDS-SR16 paper and smartphone versions was 0.904

(95% CI: 0.861–0.934), and the ICCs of each item ranged from 0.769 to 0.923. The overall

ICC score of the PHQ-9 paper and smartphone versions was 0.951 (95% CI: 0.929–0.967),

and the ICCs of each item ranged from 0.779 to 0.914.

Conclusion: This study demonstrated the equivalence of the paper and smartphone versions

of the PHQ-9 and QIDS-SR16 in depressed patients in China.

Keywords: depressive disorder, equivalence, intraclass correlation coefficient, questionnaires,

smartphone

Introduction
Depression is a recurring mental disorder that represents an important burden to the

individuals, the society, the health care systems, and the economy.1 The lifetime

prevalence of depression in adults is 20% worldwide.1 The incidence of depression

is increasing year by year, and the onset of the disorder is occurring at an increasingly

younger age.2 At present, depression is one of the largest medical burdens in Chinese

society.3

Many tools are available for the evaluation of depression. In 2011, the Quick

Inventory of Depressive Symptomatology-Self-Report (QIDS-SR16) was introduced

Correspondence: Gang Wang
The National Clinical Research Center
for Mental Disorders & Beijing Key
Laboratory of Mental Disorders & Beijing
Anding Hospital, Capital Medical
University, Beijing 100088, People’s
Republic of China
Tel +86-13672146258
Fax +86-02288188856
Email andingyjs@163.com

Neuropsychiatric Disease and Treatment Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Neuropsychiatric Disease and Treatment 2020:16 993–1001 993

http://doi.org/10.2147/NDT.S241766

DovePress © 2020 Zhen et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

N
eu

ro
ps

yc
hi

at
ric

 D
is

ea
se

 a
nd

 T
re

at
m

en
t d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0001-6974-2297
http://orcid.org/0000-0001-8155-2154
http://orcid.org/0000-0003-4323-036X
http://orcid.org/0000-0001-7810-5070
http://orcid.org/0000-0001-8957-5211
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


by Liu et al.4,5 The QIDS-SR16 has been shown to have

good reliability and validity for the screening of depressive

disorders and the measurement of depressive symptoms,

and it is widely used in China.6 The Patient Health

Questionnaire-9 (PHQ-9) was introduced in China by Bian

et al.7 in 2009. The PHQ-9 has high sensitivity and specifi-

city for depressive disorders8 and has been found to have

good reliability and validity in Chinese patients.9

Those questionnaires are usually filled by the patients

in paper versions. In fact, the paper versions are the only

validated versions of these questionnaires. Paper versions

require giving the questionnaire to the patient and taking it

back. It requires to have the patient in the office or to send

the questionnaire by mail. Therefore, filling the question-

naire at any time and anywhere is not possible.

Smartphone apps based on psychiatric measurement-

based care (MBC) may alleviate these difficulties.10

Moreover, currently, mobile-based treatment is predomi-

nantly based on web-based interventions, but with the

development of technology, smartphones now play an

increasingly important role in mobile-based therapies and

MBC. Nevertheless, little is known about the use of smart-

phone versions of the scales of depression in clinical work.

Care is needed when migrating questionnaires to electro-

nic formats to ensure that measurement equivalence with

the original is demonstrated and that the measurement

characteristics of the scale remain unchanged.11 The avail-

able research on measurement equivalence mainly aimed

to examine the factors influencing the validity of the

results when migrating from paper to electronic formats,

the operability of electronic versions, and questionnaires

regarding somatic diseases and health conditions,12–15 but

direct comparisons between electronic and paper versions

of psychometric questionnaires are rare. These studies

showed that the demographic characteristics of the respon-

dents and the management model of the app would affect

the measurement results of the electronic versions. Some

patients may encounter difficulties when operating

a smartphone, and the different ways in which the entries

and options are presented to the patient may cause pro-

blems. Individuals with smartphone anxiety may report

more negative emotions when completing an emotional

assessment on a smartphone. On the other hand, some

studies reported that patients are more comfortable with

the use of electronic versions and find them quicker to

complete than paper versions.16 In addition, some patients

are more likely to express their mood and be more relaxed

when completing the electronic versions.

Studies showed that paper and electronic scale mea-

surements are equivalent,17,18 but only using handheld

computers, and there is a lack of consistent research on

depressive disorders. Thus, the aim of the present study

was to assess the equivalence between the paper and the

smartphone versions of QIDS-SR16 and PHQ-9 for

patients with depressive disorders in psychiatric hospitals.

This could allow for more efficient monitoring of changes

in depressive symptoms in MBC.

Patients and Methods
Study Design and Patients
This prospective study was conducted from March 2016

to September 2018 by convenience sampling at the

Outpatient Department of Beijing Anding Hospital. It

was the part of a project testing the effect of MBC in the

management of major depression. Beijing Anding Hospital

hospital receives 1500 outpatient visits daily and serves

approximately 21 million people. The study protocol was

approved by the Clinical Research Ethics Committee of

Beijing Anding Hospital. All patients provided written

informed consent to participate in this study and agreed

to the publication of the data. This study was conducted in

accordance with the Declaration of Helsinki.

All patients who were diagnosed with major depressive

disorders were assessed using the Chinese version of the

MINI version 5.0 modules on major depression19 by

a study investigator. The inclusion criteria were 1) met

the criteria for major depressive disorder according to

DSM-IV; 2) 21–65 years of age; 3) able to understand

and fill in the questionnaires; and 4) no major physical

diseases. The exclusion criteria were 1) previously diag-

nosed mania (light mania), bipolar disorder, schizophrenia,

schizoaffective disorder, or other mental disorders; 2)

depressive episodes with psychotic symptoms; 3) alcohol

addiction or history of acute poisoning; or 4) question-

naires were not completed.

Study Procedure
In order to inform the research, a preliminary investigation

was conducted before the formal investigation. All the

scale raters were experienced psychiatrists, who received

consistency training on the diagnosis of diseases, the

determination of symptoms, the assessment of scales, and

the use of the smartphone app. In this study, the paper and

smartphone scales were completed in a randomized

Zhen et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Neuropsychiatric Disease and Treatment 2020:16994

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


crossover design, with an interval of 1–2 h between tests,

separated by other neuropsychological tests.

The app (URL for IOS: https://www.pgyer.com/lb2R;

for Android: https://www.pgyer.com/iyFC; Department of

Software Engineering, Beijing University of Technology,

China; Beijing Anding Hospital has the copyright and

ownership) was downloaded and installed onto the parti-

cipants’ phones with the assistance of the researchers. The

participants first completed a demographic characteristics

form and were randomly divided by a central system into

two groups. Group 1 completed paper versions of the

depression scale QIDS-SR16 and PHQ-9 and then com-

pleted the smartphone versions 1 to 2 h later. Group 2

completed the same scales in the reverse order. Brief

training on operating the app was given by the researchers.

The participants completed scale measurements indepen-

dently but were allowed to ask for assistance.

App Design
The app was designed to be as simple and easy to use as

possible in order to reach a wide range of people with

depression. All the contents in the smartphone versions are

the same as those in the paper versions. Basic instructions

were provided on the app homepage, and all patients were

given time to read these prior to completing the scales. Only

one item was shown on each page. If the item was not

completely visible on one page, the participants could scroll

down to see it all. Answers could be modified while answer-

ing each question, but could not be modified when com-

pleted. The program could not continue without a response

being submitted to each item. Once submitted, data were

analyzed automatically, and the results were displayed on

the medical side of the app.

Measurements
The demographic data questionnaire included questions on

the general background (eg, sex, age, education level,

onset age, duration of illness, and family history of psy-

chiatric disorders) of the patients, which were completed

by the patients themselves.

The QIDS-SR16 is a 16-item, self-administered scale

that measures the severity of depressive symptoms relating

to nine symptom domains over the last 7 days.4,5 The over-

all score of the scale ranges between 0 and 27, and a higher

score indicates more severe depressive symptoms. It takes

5–7 minutes to complete. The scores may be graded as mild

(score of 6–10), moderate (score of 11–15), severe (score of

16–20), and very severe (score of 21–27).5

The PHQ-9 is a multipurpose instrument that assists in

the screening and measurement of depressive symptoms

within the past 2 weeks.20 It is a brief self-report tool,

comprising nine items. Respondents rate the frequency of

the symptoms on a 4-point rating scale: 0 (not at all), 1 (sev-

eral days), 2 (more than half the days), and 3 (nearly

every day). The overall scores range between 0 and 27. The

scores may also be graded as mild (score of 5–9), moderate

(score of 10–14), moderate-severe (score of 15–19), and

severe (score 20–27).8 The PHQ-9 only takes 3–5 minutes

to complete and is rapidly scored.

In 2009, Si et al.19 compared the reliability and validity of

the Mini International Neuropsychiatric Interview (MINI)

with that of the Composite International Diagnostic

Interview (CIDI) and the Structured Clinical Interview for

Disorders (SCID). The results showed that the MINI, which

is a diagnostic tool for all mental disorders and not only

depression, had very acceptable reliability and validity

scores. The MINI is a brief structured clinical interview

based on the DSM-IV criteria.19 It has similar reliability

and validity properties compared with the CIDI and the

SCID but can be administered in less time. It includes 130

questions.

Sample Size
The sample size was determined according to the ISPOR

guidelines.11 The study power was set at 95%, and the

expected intraclass correlation coefficient (ICC) was 0.9

(α=0.05), resulting in a target sample size of 110 patients.

Statistics
SPSS 25.0 (IBM Corp., Armonk, NY, USA) was used for

data analysis. Continuous variables are presented as means

± standard deviations (SD) or as medians and interquartile

ranges (IQR) according to their distribution, as determined

by the Kolmogorov–Smirnov test; comparisons between

groups were performed with the Student’s t-test or Mann–

Whitney U-test, as appropriate. Categorical variables are

reported as frequencies with percentages and were com-

pared with the chi-square test. Concordance of scale scores

between the paper and smartphone versions was analyzed

using a two-way fixed-effects ICC model, including intra-

groups and inter-groups. High positive ICCs indicate that

different versions’ measurements covary and that the mean

and variability of the scores are similar. Two-sided P<0.05

was considered statistically significant.

Dovepress Zhen et al

Neuropsychiatric Disease and Treatment 2020:16 submit your manuscript | www.dovepress.com

DovePress
995

Powered by TCPDF (www.tcpdf.org)

https://www.pgyer.com/lb2R
https://www.pgyer.com/iyFC
http://www.dovepress.com
http://www.dovepress.com


Results
Sociodemographic Data
Out of the 112 patients who fulfilled the inclusion cri-

teria, 110 gave informed consent and provided complete

data. In Group 1, 54 patients completed the paper ver-

sions first. In Group 2, 56 patients completed the smart-

phone version first. The mean age was 30.6±7.3 years,

and 40.9% of the patients were male (n=45). The major-

ity of patients (74.6%) had a high level of education:

university or higher (n=82) (Table 1). All patients had

used smartphones previously. The majority of patients

(70.9%, n=78) expressed a preference for the mobile

app version. There were no significant differences in

any of the patient characteristics between the two

groups (P>0.05, Table 1).

Intra-Group Consistency Measurement
High concordances were noted between the paper and

smartphone versions for the overall and individual item

scores of the QIDS-SR16 scale (Table 2) and PHQ-9 scale

(Table 3) in the two groups.

Inter-Version Consistency Measurement
High concordances were noted between the paper and

smartphone versions of the QIDS-SR16 scale for the over-

all score (ICC=0.904, 95% CI 0.861–0.934) and individual

item scores (ICC range: 0.769–0.923) (Table 4).

High concordances were noted between the paper and

smartphone versions of the PHQ-9 scale for the overall

scores (ICC=0.951, 95% CI 0.929–0.967) and individual

item scores (range 0.779–0.914) (Table 5).

Discussion
Smartphone-based questionnaires have advantages com-

pared with their paper versions, but there is a lack of

consistent research on depressive disorder questionnaires.

Therefore, the present study aimed to assess the equiva-

lence between the paper and the smartphone versions of

the QIDS-SR16 and PHQ-9 for patients with depressive

disorders in psychiatric hospitals in China. This study

demonstrated the equivalence in the measurement proper-

ties of the paper and smartphone versions of the PHQ-9

and QIDS-SR16 in depressed patients in China.

Table 1 Sociodemographic Characteristics of the Study Population

Characteristics Total

(n=110)

Group 1

(n=54)

Group 2

(n=56)

Z/X2 P

Age (years), median (IQR) 24.00–35.25 24–36.25 24–34.75 −0.551 0.582

Age at onset (years), median (IQR) 21.00–25.00 20–27 21.25–25 −1.198 0.231

Duration of illness (years), median (IQR) 1.00–8.25 1–8 1–9 −0.015 0.988

Hamilton Depression Rating Scale score, median (IQR) 18.75–25 18–25.25 20–25 −0.775 0.439

Young Mania Rating Scale score, median (IQR) 0–2 0–2 0–2 −0.776 0.438

Sex, n (%) Male 45 (40.9) 24 (53.3) 21 (46.7) 0.548 0.561

Female 65 (59.1) 30 (46.2) 35 (53.8)

Education, n (%) High school or less 13 (11.8) 8 (61.5) 5 (38.5) 5.256 0.156

Technical secondary to junior

college

15 (13.6) 9 (60) 6 (40)

Undergraduate degree 55 (50.0) 21 (38.2) 34 (61.8)

Master’s degree or higher 27 (24.5) 16 (59.3) 11 (40.7)

Version preference, n (%) Paper 32 (29.1) 12 (37.5) 20 (62.5) 2.426 0.144

Electronic 78 (70.9) 42 (53.8) 36 (46.2)

Family history of psychiatric disorders,

n (%)

Positive 25 (22.7) 10 (40) 15 (60) 1.070 0.366

Negative 85 (77.3) 44 (51.8) 41 (48.2)

Employment Full-time 62 (56.4) 32 (51.6) 30 (48.4) 0.432 0.812

Student 23 (20.9) 11 (47.8) 12 (52.2)

No job or retirement 25 (22.7) 11 (44) 14 (56.0)

Notes: Group 1: paper version, followed by the electronic version 1–2 h later. Group 2: electronic version, followed by the paper version 1–2 h later.

Abbreviation: IQR, interquartile range.

Zhen et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Neuropsychiatric Disease and Treatment 2020:16996

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Selection of the Questionnaires
In the present study, the QIDS-SR16 and PHQ-9 ques-

tionnaires were selected because they are often used in

the literature and because they are short, easy to

administer, and self-rating, which allows their application

as smartphone versions. In the Sequenced Treatment

Alternatives to Relieve Depression (STAR*D) trial, both

the QIDS-SR16 and PHQ-9 were used.21 In an MBC

Table 2 Intra-Group ICC (95% CI) of the QIDS-SR16 Scale

QIDS-SR16 Item Group 1 (n=54) Group 2 (n=56)

1. Sleep 0.860 (0.760–0.919) 0.857 (0.756–0.916)

2. Sad mood 0.742 (0.555–0.850) 0.794 (0.648–0.879)

3. Appetite/Weight 0.922 (0.866–0.955) 0.927 (0.876–0.957)

4. Concentration/Decision-making 0.868 (0.773–0.924) 0.854 (0.750–0.914)

5. Self-outlook 0.830 (0.707–0.901) 0.839 (0.725–0.906)

6. Thoughts of death or suicide 0.826 (0.699–0.899) 0.873 (0.783–0.925)

7. Involvement 0.883 (0.799–0.932) 0.908 (0.844–0.946)

8. Energy level 0.848 (0.739–0.912) 0.885 (0.804–0.933)

9. Agitation/Retardation 0.851 (0.744–0.914) 0.800 (0.659–0.883)

Overall score 0.889 (0.809–0.936) 0.923 (0.869–0.955)

Notes: Group 1: paper version, followed by the electronic version 1–2 h later. Group 2: electronic version, followed by the paper version 1–2 h later.

Abbreviations: QIDS-SR16, Quick Inventory of Depressive Symptomatology-Self-Report; ICC, intraclass correlation coefficient; CI, confidence interval.

Table 3 Intra-Group ICC (95% CI) of the PHQ-9 Scale

PHQ-9 Item Group 1 (n=54) Group 2 (n=56)

1. Little interest or loss of pleasure 0.854 (0.748–0.915) 0.854 (0.751–0.914)

2. Feeling down, depressed, or hopeless 0.878 (0.790–0.929) 0.805 (0.667–0.886)

3. Trouble falling or staying asleep or sleeping too much 0.861 (0.760–0.919) 0.912 (0.850–0.948)

4. Feeling tired or having little energy 0.875 (0.784–0.927) 0.908 (0.843–0.946)

5. Poor appetite or over-eating 0.915 (0.854–0.951) 0.915 (0.856–0.950)

6. Poor self-esteem 0.898 (0.824–0.941) 0.833 (0.715–0.902)

7. Trouble concentrating 0.732 (0.538–0.845) 0.837 (0.721–0.904)

8. Moving or speaking so slowly that other people could notice 0.918 (0.858–0.953) 0.891 (0.814–0.936)

9. Thoughts that you would be better off dead or hurting yourself 0.896 (0.821–0.940) 0.929 (0.879–0.958)

Overall score 0.950 (0.913–0.988) 0.953 (0.920–0.972)

Notes: Group 1: paper version, followed by the electronic version 1–2 h later. Group 2: electronic version, followed by the paper version 1–2 h later.

Abbreviations: PHQ-9, Patient Health Questionnaire-9; ICC, intraclass correlation coefficient; CI, confidence interval.

Table 4 Consistency Tests Between the Paper and Smartphone Versions of the QIDS-SR16

Item Paper

Mean ± SD

Electronic

Mean ± SD

ICC (95% CI)

1. Sleep 2.55 ± 0.55 2.55 ± 0.56 0.858 (0.793–0.903)

2. Sad mood 2.32 ± 0.63 1.90 ± 0.50 0.769 (0.663–0.842)

3. Appetite/Weight 1.47 ± 0.23 1.44 ± 0.35 0.923 (0.887–0.947)

4. Concentration/Decision-making 1.78 ± 0.68 1.63 ± 0.65 0.860 (0.796–0.904)

5. Self-outlook 1.87 ± 0.64 1.90 ± 0.61 0.832 (0.755–0.885)

6. Thoughts of death or suicide 0.86 ± 0.24 0.87 ± 0.23 0.854 (0.788–0.900)

7. Involvement 2.03 ± 0.56 1.95 ± 0.54 0.898 (0.851–0.930)

8. Energy level 1.54 ± 0.42 1.48 ± 0.43 0.868 (0.807–0.909)

9. Agitation/Retardation 1.71 ± 0.47 1.65 ± 0.44 0.835 (0.760–0.887)

Overall score 16.51 ± 2.63 16.12 ± 2.70 0.904 (0.861–0.934)

Abbreviations: QIDS-SR16, Quick Inventory of Depressive Symptomatology-Self-Report; SD, standard deviation; ICC, intraclass correlation coefficient; CI, confidence

interval.
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project on major depression in China, the psychometric

properties of the QIDS-SR and PHQ-9 in depressed inpa-

tients were examined, and it was found that they have

similar and acceptable psychometric properties in most

domains.22 Moreover, the QIDS-SR16 and PHQ-9 have

different characteristics. PHQ-9 consists of only one

page, and the questions are concise and easier to answer.

The QIDS-SR16 consists of three pages, and only people

with high education levels find it as easy to answer as the

PHQ-9.23 Therefore, those two questionnaires were

selected for the present validation study.

Study Population
In comparison to epidemiological data from a previous

study on psychiatric disorders in China,24 the average age

of the patients in this study was relatively young, the

average duration of illness was relatively short, and the

average education level was relatively high. The reasons

for this may be that older patients are inexperienced in

the use of smartphones or do not have smartphones, and

thus were unwilling to take part in the study. In addition,

the participants in this study were outpatients from

a tertiary hospital at the Center of Science Technology

and Culture of China in Beijing. These patients tend to

have a short illness duration and high levels of education.

Ali et al.16 reported that patients prefer iPad versions of

scales of depression over paper versions. Similarly, in

this study, the majority of patients (73.8%) also preferred

the electronic version.

Consistency Between Electronic and

Paper Versions
Previous studies generally showed good concordance

between the electronic and paper versions of various ques-

tionnaires across a wide variety of diseases and

conditions,25–27 but those studies were not controlled clin-

ical trials, they did not use smartphone electronic versions,

and did not include scales used in depression.

Nevertheless, the results of the present study for QIDS-

SR16 and PHQ-9 are consistent between the paper and

electronic versions, as supported by the previous studies

mentioned above. For outpatients suffering from depres-

sion, this study showed that paper and electronic versions

had a high concordance on the whole.

It is generally believed that ICC values lower than 0.70

indicate poor reliability, values higher than 0.75 indicate

good reliability for group comparisons, while ICC should

be between 0.85 to 0.95 for applications at the individual

level.11 In this study, all the items in the intra-group ICC

analysis showed good reliability in both groups, further

supporting the reliability of the ICC between two versions

of questionnaires. Between the two versions, the ICCs for

the overall scores were all higher than 0.90, ie, 0.904 for

the QIDS-SR16 and 0.951 for the PHQ-9. For the indivi-

dual items, the ICC for three items on the QIDS-SR16 and

two items on the PHQ-9 were less than 0.85. The items

showing a low level of concordance included “Sad mood”,

“Self-outlook”, and “Agitation/Retardation” in the QIDS-

SR16, and “Feeling down, depressed, or hopeless” and

“Trouble concentrating” in the PHQ-9. These low ICCs

Table 5 Consistency Tests Between the Paper and Smartphone Versions of the PHQ-9

Item Paper

Mean ± SD

Electronic

Mean ± SD

ICC (95% CI)

1. Little interest or loss of pleasure 2.36 ± 0.72 2.35 ± 0.70 0.854 (0.787–0.900)

2. Feeling down, depressed, or hopeless 2.33 ± 0.79 2.30 ± 0.70 0.840 (0.766–0.890)

3. Trouble falling or staying asleep or sleeping too much 2.11 ± 1.01 2.08 ± 0.94 0.886 (0.834–0.922)

4. Feeling tired or having little energy 2.57 ± 0.65 2.54 ± 0.69 0.890 (0.839–0.924)

5. Poor appetite or over-eating 1.66 ± 1.08 1.68 ± 0.99 0.914 (0.875–0.941)

6. Poor self-esteem 2.17 ± 0.91 2.17 ± 0.93 0.864 (0.802–0.907)

7. Trouble concentrating 1.89 ± 0.96 1.83 ± 0.96 0.779 (0.677–0.848)

8. Moving or speaking so slowly that other people could notice 1.33 ± 0.92 2.30 ± 0.70 0.906 (0.863–0.936)

9. Thoughts that you would be better off dead or hurting yourself 0.84 ± 0.74 1.21 ± 0.81 0.914 (0.875–0.941)

Overall score 16.96 ± 4.79 16.90 ± 4.47 0.951 (0.929–0.967)

Abbreviations: QIDS-SR16, Quick Inventory of Depressive Symptomatology-Self-Report; ICCs, intraclass correlation coefficients; CI, confidence intervals; PHQ-9, Patient

Health Questionnaire-9; MINI, Mini International Neuropsychiatric Interview; CIDI, Composite International Diagnostic Interview; SCID, Structured Clinical Interview for

Disorders; MBC, measurement-based care; SD, standard deviations; IQR, interquartile ranges; PHQ-9, Patient Health Questionnaire-9; SD, standard deviation; ICC,

intraclass correlation coefficient; CI, confidence interval.
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may have arisen because there is no clear criterion for

judging mood or emotional state. The ICC of the

Appetite/weight item was the highest, at 0.923. This

might be because both appetite and weight are mainly

manifested as behavioral problems and easy to judge.

Items that are difficult to judge, ie, those without clear

criteria, may be more affected by a switch to a different

version.

The PHQ-9 showed good consistency between the

electronic and paper versions. This is supported by

a previous study that showed that computerization of

the PHQ-9 did not affect its psychometric properties.28

Compared with PHQ-9, the descriptions in the responses

in the QIDS-SR16 are complicated. Sung et al.23 deter-

mined that the QIDS-SR16 score was able to distinguish

minor from major depression, while the PHQ-9 could

not. This may be because the QIDS-SR16 has more

items in which symptoms must be assessed more pre-

cisely. This feature, however, may not necessarily be

better for the electronization of the scale, and this may

lead to difficulties for patients in distinguishing between

the different possible answers to an item. Based on these

features, the PHQ-9 may be a good choice for app quan-

titative treatment, as it is simple but effective. Currently,

the PHQ-9 is being further simplified, and we expect the

results of relevant studies to be tested in the MBC field.29

In this study, the expected ICC was 0.9, but the items’

ICCs were mostly lower than 0.90. This is possible

because the participants in this study had major depressive

disorders, with decreased energy and attention, which may

be required to complete the scale. Nevertheless, the ICCs

of the overall score of both measurements were higher

than 0.90, and the ICCs of items were mostly higher

than 0.85, ie, the consistencies were within the acceptable

range.

Limitations
The main limitations of this study pertain to sample

heterogeneity and the lack of qualitative data. Only out-

patients from one hospital were recruited, and therefore

the findings may not be applicable to all areas of China.

In addition, in the process of moving from a paper ver-

sion to an electronic version, differences in patient

groups, electronic equipment, or operation procedures

may affect the measurement results.12,30 Therefore, the

population characteristics of the patients are important.

In this study, there was no simultaneous qualitative inter-

view to collect information from patients to better

understand the impact of different populations on mea-

surement results. The factors influencing population

characteristics should be considered in future research.

Furthermore, in this study, the application environment

was controlled and stable, so the results may have poor

predictability for real clinical circumstances. In the pre-

sent study, the interval between the two questionnaires

was 1–2 h. The determination of the interval time was

based on previous research experience and the specific

operating environment of the subject, to reduce the risk

of carryover effect and risk of change in mindset as

much as possible. There is currently no scientifically

proven standard time for this time issue. This is

a limitation, and therefore, we tried to minimize this

bias by answering the questionnaires in the reverse

order in these two groups in our study. Finally, clini-

metrics is a new field focusing on the science of clinical

measurements and is considered an emerging topic in the

field of measurement-based care,31–33 and this was not

evaluated in the present study. We will explore this

further in future studies.

Conclusion
In conclusion, this study demonstrated equivalence

between the paper and smartphone versions of two scales

of depression in depressed patients in China. This demon-

strates that both the QIDS-SR16 and PHQ-9 scales are

appropriate for use in both paper and electronic versions.

These findings support the use of the electronic versions of

the PHQ-9 and QIDS-SR16 via smartphone apps. This is

particularly the case for the PHQ-9 because it is simple

and easier for patients to complete, with good psycho-

metric equivalence. Both the PHQ-9 and QIDS-SR16 can

be flexibly selected and applied in clinical practice and/or

scientific research, as required.
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