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Abstract

Background: The prevalence of depressive and anxiety symptoms in patients with COVID-19 is higher than usual. Previous
studies have shown that there are drug-to-drug interactions between antiretroviral drugs and antidepressants. Therefore, an effective
and safe treatment method was needed. Cognitive behavioral therapy (CBT) is the first-line psychological therapy in clinical
treatment. Computerized CBT (cCBT) was proven to be an effective alternative to CBT and does not require face-to-face therapy
between a therapist and the patient, which suited the COVID-19 pandemic response.

Objective: This study aims to evaluate the efficacy of the cCBT program we developed in improving depressive and anxiety
symptoms among patients with COVID-19.

Methods: We customized a cCBT program focused on improving depressive and anxiety symptoms among patients with
COVID-19, and then, we assessed its effectiveness. Screening was based on symptoms of depression or anxiety for patients who
scored ≥7 on the Hamilton Depression Rating Scale (HAMD17) or the Hamilton Anxiety Scale (HAMA). A total of 252 patients
with COVID-19 at five sites were randomized into two groups: cCBT + treatment as usual (TAU; n=126) and TAU without
cCBT (n=126). The cCBT + TAU group received the cCBT intervention program for 1 week. The primary efficacy measures
were the HAMD17 and HAMA scores. The secondary outcome measures were the Self-Rating Depression Scale (SDS), Self-Rating
Anxiety Scale (SAS), and Athens Insomnia Scale (AIS). Assessments were carried out pre- and postintervention. The patients’
symptoms of anxiety and depression in one of the centers were assessed again within 1 month after the postintervention assessment.

Results: The cCBT + TAU group displayed a significantly decreased score on the HAMD17, HAMA, SDS, SAS, and AIS after
the intervention compared to the TAU group (all P<.001). A mixed-effects repeated measures model revealed significant
improvement in symptoms of depression (HAMD17 and SDS scores, both P<.001), anxiety (HAMA and SAS scores, both P<.001),
and insomnia (AIS score, P=.002) during the postintervention and follow-up periods in the cCBT + TAU group. Additionally,
the improvement of insomnia among females (P=.14) and those with middle school education (P=.48) in the cCBT + TAU group
showed no significant differences when compared to the TAU group.
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Conclusions: The findings of this study suggest that the cCBT program we developed was an effective nonpharmacological
treatment for symptoms of anxiety, depression, and insomnia among patients with COVID-19. Further research is warranted to
investigate the long-term effects of cCBT for symptoms of anxiety, depression, and insomnia in patients with COVID-19.

Trial Registration: Chinese Clinical Trial Registry ChiCTR2000030084; http://www.chictr.org.cn/showprojen.aspx?proj=49952

(J Med Internet Res 2021;23(5):e26883) doi: 10.2196/26883
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Introduction

In the past decades, the effects of physical and psychological
distress have increased with each successive public health
emergency, such as with the severe acute respiratory syndrome
(SARS) in 2003 [1], the Middle East Respiratory Syndrome
(MERS) [2] in 2012, the Ebola virus disease in 2014 [3], and
COVID-19 in 2020 [4]. COVID-19, caused by a novel
coronavirus (SARS-CoV-2) [5], continues to spread worldwide.
On January 30, 2020, the World Health Organization Emergency
Committee declared a global health emergency based on
growing case notification rates at Chinese and international
locations [6]. At present, there have been nearly 30 million
confirmed cases and nearly 1 million deaths worldwide [7].

The COVID-19 epidemic is similar to SARS and MERS [8]
but has spread more quickly and efficiently [9]. In the acute
stage of SARS and MERS, the prevalence of psychological
distress among confirmed patients was 63.0%; common
symptoms included insomnia (41.9%), anxiety (35.7%), and
depression (32.6%) [10]. A cross-sectional study on
psychological distress in patients with COVID-19 showed that
the prevalence of symptoms of depression and anxiety was
35.9% and 38.5%, respectively [11].

The common clinical symptoms of patients with COVID-19
include cough, fever, fatigue, hypoxia, and occasionally
gastrointestinal infection [12]. Moreover, the patients
experienced various stressors during isolation, including but
not limited to drug side effects, a fear of severe disease
consequences, a fear of infecting others, and an inability to get
correct information in a timely manner [13]—all of which may
lead to several psychological distresses including anxiety,
depression, and insomnia [8,14]. A lack of timely intervention
in psychological distresses may affect the quality of life for
patients in the future. As a survey of SARS survivors showed,
42.5% were diagnosed with at least one psychiatric disorder 4
years following the outbreak, with the most common diagnoses
being posttraumatic stress disorder (PTSD; 54.5%) and major
depressive disorder (39.0%). Further, 40.3% of survivors
experienced chronic fatigue [15].

Early, brief, and trauma-focused mental health services may
have the potential to reduce or delay the development of adverse
outcomes [16]. An effective method may be cognitive behavioral
therapy (CBT), which is widely used to treat mild to moderate
depression and anxiety [17]. However, traditional CBT requires
a face-to-face implementation, which is inconvenient for patients
with COVID-19 who are quarantined in hospitals. Computerized
CBT (cCBT), as an alternative mode of delivery, can make up

for this deficiency. There is substantial evidence that cCBT is
an effective alternative to CBT for the treatment of mild to
moderate depression and anxiety [18-20]. Compared to CBT,
cCBT offers a range of benefits. cCBT can be accessed with a
computer, smartphone, or tablet without the need for face-to-face
therapy, and this is especially key during a pandemic to reduce
the risk of spreading infection [21]. cCBT does not require
appointments, allowing instead for time flexibility and
cost-effectiveness [22]. The privacy of patients is better
protected, and the stigma of face-to-face therapy is mitigated
[23].

Thus, to solve the psychological problems that may occur during
the epidemic, we independently developed a cCBT program for
patients with COVID-19. The program is a brief self-guided,
online psychological intervention that consists of cognitive
training, cognitive consolidation, and behavioral therapy via
video and animation content, all of which is easy to understand
and operate. It may comprehensively regulate mental distress
that includes anxiety, depression, panic, and fear among patients
with COVID-19; it may also help patients build confidence as
they confront the disease.

Moreover, evidence from epidemiological studies revealed the
relationship between gender, age, education level, and severity
of mental problems [24]. Females and relatively high educational
level were found to be predictors of mental distress of adults 1
month in the COVID-19 epidemic [25]. Additionally, several
studies also suggest differences between men and women in
response mechanisms to psychological distress. Men tend to
externalize their distress by directing action outward, while
women tend to internalize their distress by directing action
inward [26,27]. Such gender difference may influence the
treatment response [28]. Other studies have shown that the
patients’ age and educational level at the beginning of treatment
may affect the final outcomes [29].

Based on all these factors, we conducted a multicenter,
randomized, placebo-controlled clinical trial to evaluate the
efficacy of the cCBT program. The program was developed
with the aims of improving the symptoms of depression and
anxiety among patients with COVID-19. We hypothesized
greater symptom improvement with respect to mitigating anxiety
and depression in the intervention group compared to the
treatment as usual (TAU) group at both the postintervention
and follow-up periods. We also hypothesized that online
self-help may not be suitable for all patients, and the overall
responses in mental problems may vary by gender, age, and
educational level.
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Methods

Trial Design
This was a prospective, multicenter, two-arm (allocation ratio
was 1:1), parallel group; further, it was a nonblinded randomized
controlled trial that was registered at the Chinese Clinical Trial
Registry with the study number ChiCTR2000030084.
Participants were recruited from five hospitals in China from
March 2020 to June 2020. Eligible participants were screened
for symptoms of anxiety or depression. Patients with symptoms
of anxiety, depression, or both were included because these two
symptoms often occur simultaneously. Patients were then
randomly allocated to a 1-week course of the cCBT program
we developed in addition to TAU (cCBT + TAU group), or they
were randomly allocated to the control condition, the TAU
group, when they completed the baseline assessment. The
outcomes of both groups were measured twice—at the baseline
and post intervention. To investigate the relative continuous
effects of cCBT on symptoms of depression and anxiety, the
outcomes of both groups in one of the sites were measured again
1 month after the postintervention.

Participants and Recruitment
The participants were recruited from the following five
hospitals: Affiliated Tongji Hospital of Huazhong University
of Science and Technology, Wuhan Institute for Tuberculosis
Control, Central Hospital of Chongqing Three Gorges,
Chongqing Public Health Medical Center, and the Fourth
People’s Hospital of Taiyuan. The inclusion criteria those who
were aged between 18-75 years (including threshold), regardless
of gender; were under isolation observation while diagnosed
with a mild or common type of COVID-19 and could cooperate
to complete a corresponding psychological intervention; had
mild to moderate depressive or anxiety symptoms as defined
by the 17-item Hamilton Depression Rating Scale (HAMD17)
score≥7 or the Hamilton Anxiety Scale (HAMA) score≥7; had
sufficient compliance to complete the experiment according to
the protocol; and informed consent was provided by patients
and (if necessary) guardians. The exclusion criteria were patients
who were clearly diagnosed with a psychiatric disorder,
including depression, bipolar disorder, etc, in the 6 months prior
to their diagnosis of COVID-19; patients with psychotic
symptoms; patients with HAMD17 score≥24 or HAMA
score≥21; patients with a high risk of suicide, defined as having
a history of attempts by suicide in the 6 months prior to the
study or who scored more than 3 on item three (suicide item)
of the HAMD17 scale; patients with organic mental disorders;
patients with substance abuse or dependence; patients
undergoing treatment currently (pharmacological or
psychological) for mental health problems; or patients presenting
other conditions that the researchers believed were not suitable
for this clinical trial.

The researcher explained to the eligible patients they had been
introduced to the study because they were experiencing mental
symptoms related to the burden of COVID-19 and that the
intelligent therapy via the cCBT program we developed may
help to reduce these distresses. Patients were also told that the
aim of the study was to find out whether receiving this intelligent

therapy might help them to relieve these mental symptoms
linked to COVID-19. Participants were informed that they had
a 50% chance of receiving the cCBT intervention and that the
study would be offered as an additional source of support for
free, not as a replacement or restriction to their current physical
care. Besides, they would be provided with free medical
consultation for a period of 3 years after discharge.

Randomization
Resman, a public management platform for clinical trial
management of China’s clinical trial registration agency, was
used to carry out random grouping; the allocated sequence was
kept by the administrator. Patients with mild to moderate anxiety
or depression were randomized to the cCBT + TAU group or
to the TAU group at a 1:1 ratio. Randomization was balanced
using a block size of four and was stratified by institution.

Intervention

The cCBT Program
The program is a remote intervention model based on cCBT
that we developed. The system can systematically intervene in
patients’ cognition, emotions, and behavior through an offline
mobile terminal. It is easy to understand and operate, so patients
can complete the work with the help of nonpsychological
professionals or with self-guidance. Participants in the cCBT
+ TAU group were informed of how to access the program and
use it during the study after registration.

Compared to other forms of digital CBT for anxiety and
depression, the most unique feature of the cCBT program we
developed is its targeting of patients with COVID-19.
Components of the intervention were presented to patients with
COVID-19 with anxiety and depressive symptoms through
computer-based, visually attractive, and interactive examples,
exercises, and videos. Given that the focus of CBT is on
patients’ irrational cognition. The first module of cCBT, called
the cognitive therapy module, aims to minimize or even
eliminate patients’ negative thoughts about COVID-19. This
part is presented in videos to participants. It mainly includes
rational cognition of COVID-19, stress status during isolation,
and psychosomatic mechanisms under stress in addition to
sleeping management and education about status post isolation.

To further deepen the correct cognition of patients, we set up a
cognitive consolidation module. Unlike the first module, this
part is presented in the form of a miniature game, which
undoubtedly increases the flexibility and interest of the
intervention. The participants are required to answer questions
based on videos related to the cognitive therapy module.

For the last part, the behavioral therapy module is targeted at
teaching methods of regulating negative emotions. This module
is also presented in the video to guide participants in relaxation
training. Information about the following three relaxation
training methods was provided:

1. Relaxation mental imagery training: The patients are taught
to subjectively follow their own ideas and imagine some
pleasant situations such as prairies, streams, trees, and
greenery of native mountains. During the whole training
process, patients are completely in a relaxed state with
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gentle and even breathes. With the vivid image gradually
becoming clear in their mind, the patients will feel a warm
current running through the whole body. It is during these
moments that patients can now enter a deep state of
relaxation benefiting both body and mind.

2. Mindfulness meditation: The goal of this training is to
improve the ability of self-regulation. Using the training of
concentration and relaxation, it requires the patients to
consciously maintain attention on the current internal or
external experience without making any judgments about
it.

3. Counting meditation: Patients with COVID-19 are generally
unable to relax due to the fear of the highly contagious
disease. Based on this, the training guides the patients to
focus on the breath while meditating. The patient’s physical
and mental state will gradually calm down, and the ability
to focus will continue to improve during this period of
training.

This experimental treatment was delivered through more than
10 minutes of self-directed individual therapy per day for 1
week at each trial center. The program is installed on an iPad
and is only available to research therapists. After the therapist
shows the patients how to use the system, the patients can begin
their journey of self-help intervention.

Treatment as Usual
TAU consisted of periodic psychological assessments, general
psychological support, and consultations discussing overall
well-being and disease activity. Patients whose assessment
results suggested a certain risk to themselves or others at the
time of each assessment were to be treated by a professional
psychiatrist and were withdrawn from this study.

Measures

Data Collection Procedure
Demographic and clinical characteristics including age, gender,
and education levels (years) were collected at baseline. HAMD17

and HAMA scores were determined by trained researchers at
the baseline, postintervention, and 1-month follow-up (hosted
by only one of the centers). Secondary outcome measures were
also recorded at the same point. These measures included the
Self-Rating Depression Scale (SDS), the Self-Rating Anxiety
Scale (SAS), and the Athens Insomnia Scale (AIS).

Outcome
Before the study, a questionnaire was completed by the
participants including demographic and clinical characteristics.
The primary efficacy outcomes were HAMD17 and HAMA,
both well-established interviewer-rated measures of depression
and anxiety severity, respectively, from baseline to the end of
treatment, and to the 1-month follow-up. For HAMD17 [30],
items are scored on a 5-point Likert scale (0-4) for a total score
range from 0 to 68, with higher scores indicating more
depressive symptoms. In the study sample, the total Cronbach
alpha coefficient of HAMD17 was .89 (95% CI 0.86-0.92).
Similarly, HAMA [31] consists of 14 items on a 5-point Likert
scale (0-4) for a total score range from 0 to 56, with higher
scores indicating more anxiety symptoms. Additionally, the

internal consistency of this questionnaire was also good (α=.87,
95% CI 0.82-0.90). Given the severity of the COVID-19
epidemic, all assessors for HAMD17 and HAMA scales from
different centers were trained by one professional psychological
assessment specialist through online conferences. The
interviewer reliability is both high for HAMD17 (intraclass
correlation coefficient [ICC]=0.91, 95% CI 0.78-0.98) and
HAMA (ICC=0.90, 95% CI 0.75-0.98).

Secondary end points for evaluating the efficacy of cCBT were
SDS to assess self-rated depressive symptoms, SAS to assess
anxiety symptoms, and AIS to assess insomnia symptoms. SDS
[32] contains 20 items that reflect subjective feelings of
depression. It is rated on a 4-point Likert scale (from 1, “no or
a little of the time,” to 4, “most of the time or all the time”),
containing 10 symptom positive items and 10 symptom negative
items. SAS [33] is also composed of 20 items and is rated on a
4-point Likert scale (from 1, “no or a little of the time,” to 4,
“most of the time or all the time”). Higher scores reflect more
severe anxiety symptoms. The last secondary outcome measure
is AIS [34], a validated brief questionnaire for a total score
range from 0 to 24. Each item is measured on a 4-point Likert
scale, with total scores between 4 and 6 representing suspicious
symptoms of insomnia, scores higher than 6 representing
insomnia, and scores less than 4 representing no insomnia. All
three scales have been shown to have high internal consistency
in this study sample (SDS: α=.93, 95% CI 0.90-0.96; SAS:
α=.92, 95% CI 0.88-0.95; AIS: α=.87, 95% CI 0.81-0.92).

Sample Size
To estimate the sample size, a pilot study was conducted for
measuring the HAMD17 and HAMA score in 30 patients who
received TAU. The standard deviation (σ) of the HAMD17 and
HAMA score in this group were both 10.50. Additionally, based
on the previous studies on such interventions for depressive or
anxiety symptoms [35-38], we expected to achieve a value δ≥5
in the level of depressive and anxiety symptoms with the cCBT
intervention. Assuming a 5% significance level, two-tailed, and
a power of 90%, a sample size of 188 patients (ie, 94 per group)
was estimated. To include an estimated dropout rate of 25%,
the entire sample size was increased from 188 to 250 participants
(ie, 125 per group).

Statistical Analysis
SPSS software version 22.0 (IBM Corp) was used for all
statistical analyses. Descriptive statistics were conducted for
demographic and clinical characteristics in each treatment group.
The measurement data were described by means and SDs.
Two-sample t tests and chi-square or Fisher exact tests were
used where appropriate, and these assessed demographic
variable differences between the cCBT + TAU group and the
TAU group. To confirm the improvements in each symptom at
postintervention, the baseline and postintervention results of
the dependent variables were analyzed using the paired t test,
whereas the two-sample t test was used to detect differences
between the treatment and control groups. Moreover, to explore
the influence of gender, age, and education level on treatment
response, we conducted a subgroup analysis to examine the
changes in the scores of patients with different gender, age, and
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education level. For patients who finished the follow-up
assessment, a mixed-effects model for repeated measures
(MMRM) was used to compare data obtained at the baseline,
postintervention, and follow-up periods between the cCBT +
TAU group and the TAU group. Post hoc analysis was
performed using the Bonferroni multiple comparison test. All
tests were two-sided, and a P value less than .05 was considered
statistically significant.

Results

A total of 326 patients with COVID-19 from five centers agreed
to participate to the program. There were 273 participants that
completed screening (see Figure 1 for details on reasons for
exclusion); of these, 21 did not provide the complete baseline
data and were therefore excluded. Thus, the analyzable sample
consisted of the remaining 252 participants, who were randomly
assigned to either the cCBT + TAU group (n=126) or the TAU

group (n=126). All participants completed the assigned
intervention (Figure 1). As shown in Table 1, no significant
differences were found in the demographic characteristics
between the cCBT + TAU group and the TAU group. None of
the participants were taking any psychiatric medication at
baseline and during the intervention. For physical symptoms of
COVID-19, all patients were given corresponding treatments
according to the Diagnosis and Treatment Protocol for
COVID-19 issued by the National Health Commission, mainly
including antiviral therapy, antibacterial therapy, and traditional
Chinese medicine treatment. The results for the efficacy
variables are presented in Table 2. Compared to the TAU group,
the cCBT + TAU group showed significant improvement in
both the primary outcomes of HAMD17 and HAMA scores and
the secondary outcomes of SDS, SAS, and AIS scores (all
P<.001). Additionally, there were significant differences
between the two groups in HAMD17, HAMA, SDS, and SAS
scores post intervention (all P<.001).

Figure 1. Flow diagram of the study. cCBT: computerized cognitive behavioral therapy; TAU: treatment as usual.
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Table 1. Baseline characteristics of the full sample and follow-up sample.

Cohen d
or φ

P valueChi-square (df)t test (df)Difference (95% CI)TAU group
(n=126)

cCBTa + TAUb

group (n=126)

Characteristics

The full sample

N/AN/AN/AN/AN/Ac126126Patients, n

0.08d.201.65 (1)N/AN/ASex, n

8070Male

4656Female

0.17.17N/A1.37 (250)2.24 (–0.98 to 5.46)41.52 (11.51)43.76 (14.31)Age (years), mean (SD)

<0.01.98N/A0.03 (250)0.02 (–1.01 to 1.05)10.67 (4.39)10.68 (3.91)Education (years), mean (SD)

N/AN/AN/AN/AN/ASite, n

1920Affiliated Tongji Hospital
of Huazhong University of
Science and Technology

913Wuhan Institute for Tuber-
culosis Control

2526Central Hospital of
Chongqing Three Gorges

5755Chongqing Public Health
Medical Center

1612The Fourth People's Hospi-
tal of Taiyuan

Follow-up sample

N/AN/AN/AN/AN/A5051Patients, n

0.03d.740.11 (1)N/AN/ASex, n

3231Male

1820Female

0.01.94N/A0.07 (99)0.16 (–4.41 to 4.74)42.10 (10.58)42.26 (12.66)Age (years), mean (SD)

–0.03.86N/A–0.17 (99)–0.15 (–1.92 to 1.61)10.72 (4.79)10.57 (4.21)Education (years), mean (SD)

acCBT: computerized cognitive behavioral therapy.
bTAU: treatment as usual.
cN/A: not applicable.
dIndicates a φ value.
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Table 2. Changes in the primary and secondary outcomes after the intervention between groups.

Cohen dP valuecDifference (95% CI)TAU group (n=126)cCBTa + TAUb group (n=126)Measure

HAMD17
d

–0.12.36–0.39 (–1.23 to 0.45)15.52 (3.43)15.13 (3.33)Baseline, mean (SD)

–1.95<.001–7.01(–7.90 to –6.12)15.20 (3.64)8.19 (3.54)Postintervention,
mean (SD)

N/AN/AN/Ae0.32 (–0.04 to 0.68)6.94 (6.34 to 7.54)Difference (95% CI)

N/AN/AN/A.08<.001P valuef

N/AN/AN/A0.162.02Cohen d

HAMAg

0.18.130.56 (–0.17 to 1.28)13.97 (2.72)14.52 (3.13)Baseline, mean (SD)

–1.70<.001–5.84 (–6.69 to –4.99)13.63 (3.24)7.79 (3.60)Postintervention,
mean (SD)

N/AN/AN/A0.33 (–0.09 to 0.75)6.73(6.13 to 7.33)Difference (95% CI)

N/AN/AN/A.12<.001P value

N/AN/AN/A0.141.97Cohen d

SDSh

0.03.830.23 (–1.89 to 2.35)45.66 (8.28)45.89 (8.78)Baseline, mean (SD)

–1.79<.001–12.92 (–14.70 to –11.14)44.87 (7.48)31.95 (6.88)Postintervention,
mean (SD)

N/AN/AN/A0.79 (–0.19 to 1.76)13.94 (12.73 to 15.15)Difference (95% CI)

N/AN/AN/A.11<.001P value

N/AN/AN/A0.142.03Cohen d

SASi

–0.14.25–1.33 (–3.61 to 0.95)45.41 (7.71)44.08 (10.44)Baseline, mean (SD)

–1.92<.001–14.16 (–16.00 to –12.33)44.53 (6.91)30.37 (7.82)Postintervention,
mean (SD)

N/AN/AN/A0.88 (–0.05 to 1.81)13.71 (12.11 to 15.30)Difference (95% CI)

N/AN/AN/A.06<.001P value

N/AN/AN/A0.401.51Cohen d

AISj

0.09.450.31 (–0.50 to 1.12)8.67 (3.08)8.98 (3.45)Baseline, mean (SD)

–0.24.05–0.75 (–1.52 to 0.03)8.27 (3.22)7.52 (2.99)Postintervention,
mean (SD)

N/AN/AN/A0.40 (–0.04 to 0.83)1.45 (1.04 to 1.86)Difference (95% CI)

N/AN/AN/A.07<.001P value

N/AN/AN/A0.160.63Cohen d

acCBT: computerized cognitive behavioral therapy.
bTAU: treatment as usual.
cP value of independent-samples t test.
dHAMD17: Hamilton Depression Rating Scale.
eN/A: not applicable.
fP value of paired t test.
gHAMA: Hamilton Anxiety Scale.
hSDS: Self-Rating Depression Scale.
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iSAS: Self-Rating Anxiety Scale.
jAIS: Athens Insomnia Scale.

Exploratory subgroup analyses examined the influence of
gender, age, and education level on treatment response. For
both male and female patients, the cCBT + TAU group showed
some evidence for a greater reduction in HAMD17, HAMA,
SDS, and SAS scores compared with the TAU group. For female
patients, we found no evidence of significant between-group
differences for the change of AIS scores (Table S1 in
Multimedia Appendix 1). Additionally, the cCBT + TAU group
showed some evidence of greater improvement in symptoms
of anxiety and depression compared with the TAU group,
regardless of education level. However, changes in sleeping, as
measured using AIS, did not differ between the cCBT + TAU
group and TAU group for patients with middle school education
(Table S2 in Multimedia Appendix 2). Additionally, the cCBT
+ TAU group also showed significantly decreased scores on all

5 scales compared with the TAU group, regardless of age (Table
S3 in Multimedia Appendix 3).

Details about sociodemographic characteristics of participants
who completed the 1-month follow-up assessment for each
group are presented in Table 1. The results indicated that there
were no significant differences between the cCBT + TAU group
and TAU group for any of these variables. Besides, compared
to the full sample in each condition, the follow-up sample
showed no significant differences in demographic and
psychological characteristics (Table 3). The patients who
finished the follow-up assessment were analyzed using the
MMRM and Bonferroni post hoc multiple comparison, with
HAMD17, HAMA, SDS, SAS, and AIS scores as the dependent
variables, to reveal the relationship between the two groups and
three periods.

Table 3. Comparison in demographic and psychological characteristics between full sample and follow-up sample.

TAU groupcCBTa + TAUb groupCharacteris-
tics

Cohen d
or φ

P valueDifference
(95% CI)

Follow-up
sample

Full sampleCohen d
or φ

P valueDifference
(95% CI)

Follow-up
sample

Full sample

<0.01d.95N/A0.05d.52N/AcSex, n

31803170Male

18462056Female

–0.05.76–0.58 (–4.29
to 3.14)

42.10 (10.58)41.52
(11.51)

0.11.511.50 (–2.98
to 5.97)

42.26 (12.66)43.76
(14.31)

Age (years),
mean (SD)

–0.01.94–0.05 (–1.54
to 1.43)

10.72 (4.79)10.67 (4.39)0.03.860.12 (–1.18
to 1.41)

10.57 (4.21)10.68 (3.91)Education
(years)

–0.07.71–0.18 (–1.17
to 0.80)

15.70 (1.28)15.52 (3.43)–0.05.73–0.15 (–1.16
to 0.81)

15.28 (2.23)15.13 (3.33)HAMD17
e

0.04.830.09 (–0.74
to 0.92)

13.88 (1.86)13.97 (2.72)0.09.700.26 (–0.75
to 1.12)

14.26 (2.31)14.52 (3.13)HAMAf

0.05.750.44 (–2.28
to 3.19)

45.22 (8.15)45.66 (8.28)–0.03.96–0.21 (–2.81
to 2.67)

46.10 (7.59)45.89 (8.78)SDSg

–0.02.91–0.15 (–2.65
to 2.35)

45.56 (7.25)45.41 (7.71)–0.02.88–0.22 (–3.13
to 3.66)

44.30 (10.49)44.08
(10.44)

SASh

0.20.300.47 (–0.42
to 1.36)

8.20 (1.29)8.67 (3.08)0.12.640.41 (–0.82
to 1.34)

8.58 (2.95)8.98 (3.45)AISi

acCBT: computerized cognitive behavioral therapy.
bTAU: treatment as usual.
cN/A: not applicable.
dIndicates φ values.
eHAMD17: Hamilton Depression Rating Scale.
fHAMA: Hamilton Anxiety Scale.
gSDS: Self-Rating Depression Scale.
hSAS: Self-Rating Anxiety Scale.
iAIS: Athens Insomnia Scale.

As demonstrated in Table 4, a significant difference in the
interaction between groups and periods (all P<.001) was
observed in all scale scores. Post hoc analysis revealed

significant reduction in all five scores during the
postintervention and follow-up period in the cCBT + TAU group
from baseline (all P<.05, adjusted by the Bonferroni method).
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Table 4. Repeated measures analysis of variance results for scores of HAMD17, HAMA, SDS, SAS, and AIS between cCBT + TAU group and TAU
group at baseline, postintervention, and follow-up.

Partial η2P valuecDifference (95% CI)TAU group (n=50)cCBTa + TAUb group (n=51)Measure

HAMD17
d

0.02.30–0.42 (–1.22 to 0.38)15.70 (1.28)15.28 (2.23)Baseline, mean (SD)

0.82<.001–7.60 (–8.61 to –6.60)15.46 (1.76)7.86 (3.04)ePostintervention, mean (SD)

0.87<.001–8.40 (–9.30 to –7.50)15.26 (2.32)6.86 (1.77)e,fFollow-up, mean (SD)

N/AN/Aj<.001i<.001h<.001gP value

HAMAk

0.02.340.38 (–0.41 to 1.17)13.88 (1.86)14.26 (2.31)Baseline, mean (SD)

0.75<.001–5.86 (–6.83 to –4.89)13.24 (2.26)7.38 (2.84)ePostintervention, mean (SD)

0.89<.001–7.10 (–7.81 to –6.39)13.20 (1.96)6.10 (2.04)e,fFollow-up, mean (SD)

N/AN/A<.001i<.001h<.001gP value

SDSl

0.01.600.88 (–2.48 to 4.24)45.22 (8.15)46.10 (7.59)Baseline, mean (SD)

0.64<.001–13.00 (–15.80 to –10.20)45.56 (6.59)32.56 (6.54)ePostintervention, mean (SD)

0.72<.001–13.56 (–15.98 to –11.14)44.70 (6.05)31.14 (5.65)e,fFollow-up, mean (SD)

N/AN/A<.001i<.001h<.001gP value

SASm

0.01.50–1.26 (–4.97 to 2.45)45.56 (7.25)44.30 (10.49)Baseline, mean (SD)

0.68<.001–15.86 (–18.97 to –12.75)45.52 (7.05)29.66 (7.31)ePostintervention, mean (SD)

0.76<.001–15.80 (–18.34 to –13.27)44.92 (5.92)29.12 (6.08)eFollow-up, mean (SD)

N/AN/A<.001i<.001h<.001gP value

AISn

0.02.400.38 (–0.51 to 1.27)8.20 (1.29)8.58 (2.95)Baseline, mean (SD)

0.07.06–1.02 (–2.11 to 0.07)8.00 (2.22)6.98 (2.99)ePostintervention, mean (SD)

0.08.04–0.94 (–1.84 to –0.04)7.82 (2.17)6.88 (2.72)eFollow-up, mean (SD)

N/AN/A.002i<.001h<.001gP value

acCBT: computerized cognitive behavioral therapy.
bTAU: treatment as usual.
cP value adjusted by the Bonferroni method of between-group differences.
dHAMD17: Hamilton Depression Rating Scale.
eCompared with baseline, P<.05, adjusted by the Bonferroni method.
fCompared with postintervention, P<.05, adjusted by the Bonferroni method.
gP value of group effect in the mixed-effects model for repeated measures.
hP value of time effect in the mixed-effects model for repeated measures.
iP value of interactive effects between time and group in the mixed-effects model for repeated measures.
jN/A: not applicable.
kHAMA: Hamilton Anxiety Scale.
lSDS: Self-Rating Depression Scale.
mSAS: Self-Rating Anxiety Scale.
nAIS: Athens Insomnia Scale.
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Discussion

Principal Results
This study tested the effectiveness of the cCBT program we
developed in patients with COVID-19 who have mild to
moderate depressive or anxiety symptoms, compared with the
TAU condition. The results implicated that the cCBT
intervention was beneficial, given significant between-group
differences in depression (HAMD17, SDS), anxiety (HAMA,
SAS), and insomnia (AIS). Other notable between-group
observations were no significant differences in the improvement
of insomnia among females and those with middle school
education.

Facing public health emergencies, people experiencing stress
responses are likely to encounter mental health problems [39].
The pandemic has increased the risk of psychological disorders,
especially in confirmed cases of COVID-19 [40]. A
meta-analysis about the prevalence of mental health problems
in patients with COVID-19 showed prevalence rates of
depression at 15.97%, anxiety at 15.5%, PTSD at 21.94%, and
insomnia at 23.87% [41]—all far higher than usual [42]. Another
survey of early rehabilitation on patients with COVID-19
showed that 43.1% of them had flashback symptoms, 27.8%
had voiding symptoms, 40.5% had increased alertness, 22.2%
had anxiety, and 38.1% had depression [43]. It can be implied
that the main mental health problems of patients with COVID-19
were depression, anxiety, and PTSD. Selective serotonin
reuptake inhibitor antidepressants are the first-line drug
treatment for depression, anxiety, and PTSD [44,45].
Nevertheless, in the conditions of the pandemic, medication for
COVID-19–prompted trauma responses is not the best option
because it takes effect slowly. Moreover, only an approximate
33% of the patients were clinically cured [46], and these
demonstrated residual symptoms following acute treatment [47].
Further, a review indicated there is a great potential for
drug-to-drug interactions between antiretroviral drugs and
psychotropics, especially antidepressants and anxiolytics, which
could hinder treatment efficacy or even produce life-threatening
adverse drug reactions [48].

As such, nonpharmacological treatment is considered an
effective and safe option without adverse effects. CBT is the
first-line psychological treatment recommended by the
guidelines of depression, anxiety, and PTSD (ie, Canadian
Network for Mood and Anxiety Treatments and National
Institute of Health and Care Excellence guideline [49,50]. Li et
al [51] designed a randomized controlled trial to prove
traditional CBT significantly decreased depression, anxiety,
and stress symptoms in patients with COVID-19 [51]. However,
administering CBT effectively using face-to-face techniques is
very time-consuming and costly, and is unavailable to most
patients in isolation [52].

In this study, the independently developed cCBT program for
patients with COVID-19 was used as a systematic cognitive,
mood, and behavior intervention. Through this program, selected
patients were subjected to 7 interventions for a period of 1 week,
and each intervention was divided into three steps. Step 1 was
designed to help patients acquire knowledge of novel

coronavirus pneumonia, recognize their own stress statuses,
learn the methods of adjusting negative emotions, educate
themselves about postisolation, and practice behavioral
relaxation training. Step 2 was designed using several games
to reinforce the knowledge acquired from Step 1. Step 3 was
designed to guide the patients in relaxation techniques.

The cCBT program we developed was used in five hospitals in
China that isolated patients with COVID-19 during the outbreak.
A total of 252 patients with COVID-19 were collected in this
study and randomly divided into a cCBT + TAU group (n=126)
and a TAU group (n=126); 51 patients in the cCBT + TAU
group and 50 patients in the TAU group finished the follow-up
assessment in one of the centers. We observed that the symptoms
of depression, anxiety, and insomnia were relieved significantly
in the patients who underwent the cCBT program. The results
were consistent with other short-term studies about online or
digital CBT treatment of mental health problems among patients
with COVID-19 in the pandemic [53,54]. In the 1-month
follow-up, the results of our study still showed a significant
improvement of the efficacy in the cCBT + TAU group, which
was in accordance with previous research on cCBT relieving
depression, anxiety, and insomnia symptoms in the short-term
follow-up [55,56]. However, some studies revealed that the
efficacy of cCBT was no different from the control group after
a long-term follow-up [57,58]. Mental status was influenced by
various factors such as environment, social and family support,
and psychological adjustment. Therefore, long-term follow-up
needs to be further explored.

We subsequently explored subgroup analyses examining the
influence of gender, age, and education level on treatment
response. Compared to the TAU group, insomnia symptoms
were not improved significantly in female patients and those
with middle school education treated by cCBT. Previous studies
indicated that females were a high-risk population for insomnia
[59]. A meta-analysis revealed the prevalence of insomnia in
females was higher than that in males [60]; also, females were
the predicted risk factor of insomnia during the COVID-19
pandemic [61,62]. Our results supported previous studies. Zhang
et al [63] investigated the relationship between insomnia and
education levels in Chinese females, and they found there was
a negative correlation between them. Another research study
obtained the opposite result, which reported that higher
education levels were associated with sleep disorders [62].
Notably, an investigation that focused on patients with
COVID-19 who were treated in the Fangcang shelter hospital
in Wuhan, China found that lower education levels were more
likely to prompt depression, anxiety, and stress but had no
impact on insomnia [64]. There are great differences in the
results of previous research studies; the correlation between
education levels and insomnia remains unclear, and our study
provided a little evidence of that.

Advantages and Limitations
This study has several strengths. First, the cCBT program we
independently developed is focused on patients with COVID-19
and is more suitable for the psychological adjustment of the
patients than an ordinary cCBT program. Second, the use of a
strict inclusion and exclusion standard ensured the homogeneity
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of participants. We controlled patient inclusivity through scores
on HAMD17≥7 and <24 or HAMA≥7 and <21 to ensure that all
patients had mild to moderate depressive and anxiety symptoms.
The study involved five different hospitals from China to make
the results representative. Finally, the patients were randomized
to the cCBT + TAU group or the TAU group with a 1:1 ratio
to balance confounding factors.

Inevitably, our trial has some limitations. First, participants in
our trials were nonblinded, while the study looks at a multiplicity
of outcomes, thereby increasing the risk for a type I error. We
designed the trial initially to have patients and the evaluators
blinded; however, to reduce the risk of infection, only a few
doctors were permitted to enter the isolated ward. Such a
situation impeded the use of blind methods in this study. Second,
the sample sizes were relatively small, and the time before the
follow-up was relatively short. In the future, we will continue
to develop the cCBT program for a broader range of scenarios
such as alleviating preoperative anxiety and depression in
patients. Bigger sample sizes and a longer follow-up will be
adopted to identify the long-term influence of cCBT, and the

influencing factors of cCBT’s efficacy will be analyzed in more
detail. Additionally, we did not account for more confounding
factors such as drug side effects and related adversity, which
may be also highly relevant to the symptoms of depression and
anxiety.

Conclusions
In sum, this was a prospective, multicenter, two-arm,
parallel-group, and randomized controlled trial to identify the
efficacy of a short-term cCBT program for treating symptoms
of depression, anxiety, and insomnia among patients with
COVID-19. The results suggested that the cCBT was
significantly effective in relieving symptoms of depression,
anxiety, and insomnia in patients with COVID-19 post
intervention or after a 1-month follow-up. However, the
insomnia symptoms in females and those with middle school
education were more difficult to improve. Further research is
needed to expand the sample size and to investigate the
long-term effects of cCBT for symptoms of depression, anxiety,
and insomnia.
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CBT: cognitive behavioral therapy
cCBT: computerized cognitive behavioral therapy
HAMA: Hamilton Anxiety Scale
HAMD17: Hamilton Depression Rating Scale
ICC: intraclass correlation coefficient
MERS: Middle East respiratory syndrome
MMRM: mixed-effects model for repeated measures
PTSD: posttraumatic stress disorder
SARS: severe acute respiratory syndrome
SAS: Self-Rating Anxiety Scale
SDS: Self-Rating Depression Scale
TAU: treatment as usual
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