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A B S T R A C T   

Background: The coronavirus disease 2019 (COVID-19) pandemic has had an impact on several aspects of life, 
including university students’ mental health. Mobile mental care applications (apps) comprise a form of online 
mental care that enables the delivery of remote mental care. 
Objectives: This study aimed to explore the impact of COVID-19 on the mental health of university students in 
Spain and to explore their attitudes toward the use of mobile mental care apps. 
Method: Respondents answered a survey, which comprised two sections. The first included the 12-item General 
Health Questionnaire (GHQ-12) that was employed to assess the students’ mental health. The second section 
included six questions developed by the authors to explore the students’ attitudes toward mental care apps. 
Results: The results showed that the students suffered from anxiety and depression as well as social dysfunction. 
Further, 91.3 % of the students had never used a mobile app for mental health, 36.3 % were unaware of such 
apps, and 79.2 % were willing to use them in the future. 
Conclusions: The COVID-19 pandemic had a significant impact on the psychological health of university students. 
Mobile mental care apps may be an effective and efficient way to access mental care, particularly during a 
pandemic.   

1. Introduction 

Over 50 different epidemics and pandemics have had a considerable 
influence on the history of humankind [1] of which the most recent 
pandemic is the coronavirus disease 2019 (COVID-19) [2]. COVID-19 is 
caused by the novel 2019 coronavirus (2019-nCoV), which is associated 
with pneumonia [3]. The outbreak started in December 2019 in Wuhan, 
China [3]. By August 16, 2020, the disease had spread throughout the 
world, and more than 21,294,845 people had been infected; of these, 
761,779 had died. 

Individuals with limited protection from the disease [4] and with 
physical and mental illnesses are the most vulnerable [5]. Furthermore, 
the pandemic has had an adverse effect on the mental health of various 
social groups [6], including university students who were affected by the 
closure of universities. 

Spain has been one of the most affected countries by the pandemic. 
On August 16, 2020, the country had the fastest rate of new cases in 

Europe [7] and the highest number of cases in Western Europe [8], with 
over 342,813 confirmed cases and over 28,617 deaths [9]. Spain was 
declared by the Center of Disease Control and Prevention (CDC) as a 
high-risk area with limited medical resources [10]. In March 2020, 
Spain closed all its schools and universities to 9.5 million students in 
accordance with government regulations to contain the disease [11]. 

Anxiety, depression, and stress have been common psychological 
reactions to the pandemic, with possible long-term psychological effects 
[12]. Several stressors associated with the pandemic have affected those 
in quarantine as well as healthcare providers [12]. 

First, this study explored the psychological impact of the COVID-19 
pandemic on university students in Spain. The 12-item General Health 
Questionnaire (GHQ-12) was employed to assess the psychological state 
of students from Valladolid University [13–15]. Second, this study 
examined university students’ attitudes toward the use of mobile mental 
care applications (apps), such apps could help overcome mental health 
delivery obstacles including cost, stigmas, and a lack of mental 

* Corresponding author. 
E-mail address: goncalosantosmarques@gmail.com (G. Marques).  

Contents lists available at ScienceDirect 

International Journal of Medical Informatics 

journal homepage: www.elsevier.com/locate/ijmedinf 

https://doi.org/10.1016/j.ijmedinf.2020.104369 
Received 8 October 2020; Received in revised form 29 November 2020; Accepted 16 December 2020   

mailto:goncalosantosmarques@gmail.com
www.sciencedirect.com/science/journal/13865056
https://www.elsevier.com/locate/ijmedinf
https://doi.org/10.1016/j.ijmedinf.2020.104369
https://doi.org/10.1016/j.ijmedinf.2020.104369
https://doi.org/10.1016/j.ijmedinf.2020.104369
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijmedinf.2020.104369&domain=pdf


International Journal of Medical Informatics 147 (2021) 104369

2

healthcare professionals. 
COVID-19 has exacerbated such barriers because traditional psy

chological care and monitoring have decreased substantially owing to 
the safety measures that have been implemented because of COVID-19 
[16]. However, online care, such as mobile apps, has been adopted as 
an alternative [17–19]. Research has shown that mobile mental care 
apps are effective for several psychological difficulties, including anxi
ety, post-traumatic stress disorder, and depression [20–22]. 

2. Materials and methods 

An online survey was employed in this study. 

2.1. Methodology for sharing the questionnaire 

Google Forms was employed to develop the online questionnaire. 
The Privacy Policy Service of the University of Valladolid evaluated the 
questionnaire to ensure the anonymity of the participants. Subse
quently, an email with a link to the survey was sent to all students at the 
University of Valladolid. The survey was available online from July 
7–20, 2020. It was estimated that it would take four minutes to com
plete; no incentives were offered to any respondents. 

2.2. Survey structure 

The survey comprised two sections, which are as follows. The first 
part includes the established GHQ-12 questionnaire to provide an 
assessment of the psychological state of the participants, while the 
second part aims to evaluate the participants’ opinion and willingness to 
use mobile apps to support mental care. In total, the survey consists of 21 
questions. Three questions collecting basic information on the charac
teristics of the students (gender, age and field of study). Twelve ques
tions evaluating the physiological state of the participants. And six 
questions investigating their attitudes towards mobile applications for 
mental health. 

2.2.1. GHQ-12 
This study employed the GHQ-12 to evaluate the participants’ psy

chological state. The GHQ-12 contains 12 questions, which are assessed 
on a four-point Likert scale, with 0 indicating that the indicator in 
question is not present and 3 indicating that it is more prevalent than 
usual (Appendix A). Higher scores indicate the probability of the re
spondents suffering from psychological difficulties. The scores can be 
classified into three severity categories: normal, high, and severe. 

The GHQ-12 can be used to detect specific psychological factors; this 
study considered the following: anxiety and depression, social 
dysfunction, and loss of confidence. Each factor is associated with 
certain GHQ-12 items, and the evaluation thereof is calculated using the 
scores obtained from the specific items (Appendix B). 

2.2.2. Assessment of mobile applications for mental health 
The same approach as that of previous studies on similar topics was 

employed to design the questions [23–26], namely, to explore the re
spondents’ awareness and prior experience of using mental care mobile 
apps, their willingness to use such apps, and their preferences and rea
sons thereof in comparison to consulting with a mental care professional 
(Appendix C). The participants’ preferred features and functionalities of 
mobile mental care apps were also examined. 

2.3. Analysis 

The respondents’ answers were only considered if they had answered 
all the questions. The data were analyzed via IBM SPSS v.26. The results 
were available in Google Sheet, which was downloaded as an Excel 
sheet. 

The first part investigates the psychological state of the participants, 

if an item is indicating a better/healthier than normal or same as usual, 
then the issue investigated by the item is not present more than usual for 
the participant, and the associated scores are 0 and 1 respectively. 
However, if it is answered with answers indicating worse/more than 
usual or much worse/more than usual, then it reflects an abnormal 
presence of the issue at that period, and the scores would be 2 and 3, 
respectively. 

In the second section, multiple-choice answers were quantified, and 
the answers to open-ended questions were analyzed and classified to 
determine the respondents’ attitudes. 

3. Results 

3.1. Participants’ characteristics 

Of the 21,769 students at Valladolid University during the 2019/ 
2020 academic year, 608 (2.79 %) completed the survey. Most re
spondents were women (74 %), which might be because the majority 
(56.63 %) of the Valladolid University students were female. Addition
ally, females have been found to be more willing to complete surveys in 
similar studies [27]. Of the total participants, 67.5 % were between 18 
and 23 years old. During the 2019/2020 academic year, 72.87 % of the 
students at the university were 23 years old or younger, explaining their 
prevalence in the sample. Furthermore, 31.3 % of the respondents were 
studying social and legal sciences (Table 1). 

3.2. Results of the GHQ-12 

The GHQ-12 results are displayed in Table 2. Most respondents re
ported a worse/more than usual prevalence of the particular psycho
logical issues in eight items. However, a majority indicated that their 
ability to make decisions and face problems had not changed (items 4 
and 8). Furthermore, most noted that they did not experience a loss of 
confidence or feelings of self-worthlessness (items 10 and 11). 
Description of each item (1–12) and its possible answers are provided in 
Appendix A. 

The total GHQ-12 scores and the scores of the three investigated 
psychological factors were calculated and categorized into three scales 
according to the specifications presented in Appendix B. 

The results in relation to the total number of respondents and their 
gender are presented in Appendix D. The results showed that 52.1 % of 
the respondents were classified as high, 30.1 % as severe, and 17.8 % as 
normal. Furthermore, the results revealed that female respondents had 
been critically affected. Regarding anxiety and depression, 44.7 %, 31.6 
%, and 23.7 % of the respondents were classified as high, severe, and 
normal, respectively. Concerning social dysfunction, 53.6 % of the re
spondents were classified as high, 33.7 % as severe, and 12.7 % as normal. 
The most positive results concerned the loss of confidence scale: 57.4 % 
of the respondents were classified as normal. 

Table 1 
Respondents’ demographic information.    

Total % 

Gender 
Female 450 74 
Male 158 26 

Age 

< = 18–19 92 15.1% 
20–21 182 29.9% 
22–23 137 22.5% 
≥24 197 32.4% 

Field of Study 

Naturals Science and Chemistry 17 2.8% 
Mathematics and Physics 32 5.3% 
Health Sciences 80 13.2% 
Engineering and Architecture 126 20.7% 
Social and Legal Sciences 190 31.3 % 
Arts and Humanities 61 10.0% 
Others 102 16.8%  
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3.3. Results of the assessment of mental health mobile applications 

In total, 36.3 % of the respondents had not heard of mobile mental 
care apps. Furthermore, 91.3 % (N = 555) had never used such a mobile 
app for mental health. Their willingness to use mobile apps for mental 
health was directly assessed in Question 3. The results further demon
strated 55.4 % of the respondents were willing to use this type of app. 
Only 9.5 % indicated that they were unwilling to use a mental care 
mobile app. The Q1–Q4 results are displayed in Table 3. 

The association between the users’ previous usage of mental care 
mobile apps and their willingness to use such apps in the future is pre
sented in Appendix E. In total, 79.2 % of the respondents who had used 
mobile apps for mental health were receptive to using them in the 
future. Moreover, 53.2 % who did not have previous experiences with 
such apps were willing to use them in the future. However, 36.8 % were 
doubtful, and 10.1 % stated they would not use them. Finally, only two 
of the respondents who had used such apps did not want to use them in 
the future. It can be concluded that most of the individuals who have 
used mobile apps for mental health are open to using them again. 

The willingness of the respondents who were classified as severe in 
relation to the GHQ-12 is presented in Appendix F. Of these, 62.3 % had 
no previous knowledge of mental care mobile apps, and 55.19 % had no 
intention of using them. This is noteworthy because these individuals 
may be regarded as those in need of such resources. Moreover, 159 in
dividuals never have used a mobile application for mental health. In 
total, 54.64 % (N = 100) of the participants are receptive to the use of 
this kind of mobile applications. Nevertheless, 55.19 % (N = 101) of the 
participants who are categorized as Severe condition do not prefer the 
use of mobile applications for mental care. 

The reasons the respondents preferred mobile apps over consulta
tions with a mental health specialist are presented in Table 4. In 
particular, 59 respondents were concerned with the cost, 22 cited stig
mas, 17 did not have sufficient knowledge of mental health, and six cited 
distance. The reasons for preferring mobile apps included the limited 

number of available mental health professionals, previous negative ex
periences with mental specialists, privacy and security, the severity of 
the mental state, the access of and time-saving associated with mobile 
apps, the current social isolation required by the lockdown, and diffi
culties in obtaining an initial appointment. 

The functionalities that the respondents wanted in mental care mo
bile apps are displayed in Table 5. In total, 174 of the participants did 
not have clear ideas regarding the features that they wanted in mobile 
apps, 105 wanted free guides that contained expert advice, and 67 
wanted the app to include meditation exercises for stress and anxiety 
management. Finally, 29 stated such mobile apps should be endorsed by 
mental healthcare professionals. 

4. Discussion 

4.1. GHQ-12 

The GHQ-12 test revealed a substantial prevalence of psychological 

Table 2 
GHQ-12 results.  

Item Nr 
0: Better/healthier than normal 1: Same as usual 2: Worse/more than usual 3: Much worse/more than usual 

Count % Count % Count % Count % 

Item 1 55 9.0% 101 16.6% 270 44.4% 182 29.9% 
Item 2 111 18.3% 157 25.8% 223 36.7% 117 19.2% 
Item 3 64 10.5% 173 28.5% 208 34.2% 163 26.8% 
Item 4 45 7.4% 258 42.4% 216 35.5% 89 14.6% 
Item 5 75 12.3% 110 18.1% 253 41.6% 170 28.0% 
Item 6 115 18.9% 182 29.9% 215 35.4% 96 15.8% 
Item 7 31 5.1% 86 14.1% 227 37.3% 264 43.4% 
Item 8 26 4.3% 274 45.1% 224 36.8 % 84 13.8% 
Item 9 78 12.8% 110 18.1% 234 38.5% 186 30.6% 
Item 10 208 34.2% 153 25.2% 146 24.0% 101 16.6% 
Item 11 264 43.4% 119 19.6% 139 22.9% 86 14.1% 
Item 12 49 8.1% 219 36.0% 236 38.8% 104 17.1%  

Table 3 
Q1–Q4 results.  

Question/Answer 

Total (N = 608) Female (N =
450) 

Male (N = 158) 
(N = 158) 

Count % Count  Count % 

Q1: Awareness of mobile mental care apps 
Yes 221 36.3 % 173 38.4% 48 30.4% 
No 387 63.7% 277 61.6% 110 69.6% 

Q2: Previous use of mobile mental care apps Yes 53 8.7 % 41 9.1 % 12 7.6 % 
No 555 91.3% 409 90.9% 146 92.4% 

Q3: Willingness to use mobile mental care apps in the future 
Yes 337 55.4 % 268 59.6 % 69 43.7% 
I do not know 213 35.0% 148 32.9% 65 41.1 % 
No 58 9.5 % 34 7.6 % 24 15.2% 

Q4: Preference of using a mobile mental care apps over consulting with a mental health professional 
Yes 117 19.2% 86 19.1 % 31 19.6% 
I do not know 157 25.8% 116 25.8% 41 25.9% 
No 334 54.9 % 248 55.1% 86 54.4%  

Table 4 
Q4.1 results: Reasons given for preferring the use of mental care mobile apps 
instead of consulting specialists.  

Reason Count % 

Cost problems 59 50.4 % 
Stigma related to mental problems 22 18.8% 
I don’t have enough knowledge (information) on mental health 17 14.5% 
Distance from mental health professionals 6 5.1% 
Shortage in mental health professionals 3 2.6% 
Bad experiences with therapists 2 1.7% 
Privacy and security of mental apps 2 1.7% 
It is supportive if the problem is not serious 2 1.7% 
Save time and access at any time 2 1.7% 
For the state of isolation owing to the COVID-19 pandemic 1 0.9% 
For a first assessment 1 0.9%  
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issues among university students in Spain during COVID-19. The results 
concurred with the expected prevalence of negative feelings, including 
fear, worry, and stress [28]. 

Globally, 322 million and 264 million individuals are estimated to be 
suffering from depression and anxiety, respectively [29]. Furthermore, 
85 % of patients with depression have significant anxiety, and 90 % with 
anxiety disorder suffer from depression [30]. In this study, 44.7 % of the 
students were classified as having high anxiety and depression, 31.6 % as 
severe, and 23.7 % as normal. 

Preliminary evidence suggests that depression, anxiety, and stress 
are common psychological responses to COVID-19 [31]. Several land
mark studies have evinced the critical impact of COVID-19 on mental 
health. A systematic review on the impact of COVID-19 on mental health 
in the general population reported that symptoms of anxiety, depres
sion, and stress were prevalent in several countries [32]. Studies con
ducted in China have yielded similar findings [32,33]; a significantly 
higher prevalence of anxiety and depression was found among young 
people [34]. Another study identified a higher prevalence of anxiety and 
depression among the Polish population compared to that of the Chi
nese, which was mainly associated with not wearing face masks; both 
populations had a high prevalence of post-traumatic stress disorder 
symptoms [35]. In the United Kingdom, the percentage of individuals 
with a probable anxiety disorder was found to have almost doubled 
during COVID-19, with a higher prevalence of anxiety and depression 
among the younger population [36]. Similar results were reported in 
Germany [37], with a high prevalence of anxiety and depression among 
the general population and particularly among young people. The re
sults of the GHQ-12 test herein concur with other studies that have 
addressed COVID-19′s impact on university students. In France, a high 
prevalence of anxiety, depression, and stress among university students 
was identified [38,39]. Similar results were found in Bangladesh [40] 
and China [41]. 

Furthermore, there was a higher prevalence among students whose 
family members and relatives had COVID-19 [41]. In this study, the high 
prevalence of anxiety and depression may be related to the time of the 
research, which was conducted during the advanced stages of the 
pandemic in July 2020. In Spain, another study reported that levels of 
stress, anxiety, and depression were generally low during the initial 
stages of the pandemic; however, these levels increased when the period 
of confinement was extended [42]. The same study was repeated three 
weeks later and revealed significantly higher levels of anxiety, depres
sion, and stress among the participants, with a higher prevalence among 
young people [43]. 

The results herein revealed that the prevalence of social dysfunction 
was high and severe in 53.6 % and 33.7 % of the students, respectively. 
Social dysfunction is related to individuals’ ability to execute and enjoy 
their normal daily activities. During the pandemic, almost all the stu
dents’ day-to-day activities were cancelled owing to the safety regula
tions, thereby explaining the students’ high scores on this measure. 

Furthermore, 57.4 % of the respondents were classified as normal in 
relation to the loss of confidence. This factor in the GHQ-12 is mainly 

related to losing confidence and experiencing feelings of worthlessness, 
which are generally related to personality traits. Therefore, it was not 
expected to have a substantial effect on the results because the pandemic 
may not have had a considerable impact on this factor. However, it may 
indicate more serious psychological issues among those who had high 
scores for this factor. Feelings of worthlessness are indicators of serious 
psychological problems as individuals may feel imprisoned in their own 
life situations and not trust themselves and others. Consequently, it may 
lead to destructive feelings such as shame, guilt, stigmatization, alien
ation, and anguish [44]. Worthlessness is also associated with exposure 
to severe trauma and when combined with major depressive disorder 
may lead to suicide attempts [45]. 

4.2. Attitudes 

Most of the participants had no previous knowledge of mental care 
mobile apps. Even if individuals are aware of such apps, they may lack 
knowledge concerning the functionalities thereof. Thus, it is essential to 
introduce these apps in the education system. Only 53 (8.7 %) of par
ticipants (9.1 % of females and 7.6 % of males) stated previous use of 
mobile mental care apps. This could be mainly linked to the identified 
lack of awareness. However, those participants constitute only 24 % of 
the 221 individuals who stated prior awareness of mobile mental care 
apps, which might be an indicator that even in cases of awareness on the 
existence of such apps, there might be the lack of knowledge on func
tionalities, treatment modalities, services offered by those apps, and 
effectiveness of such apps. Indeed, even when students are aware of 
mobile mental care apps existence, they are not using them, which might 
point to the need of not only increase awareness but also increase 
knowledge on their benefits in order to increase the trust in such apps 
and promote their use. 

Research [45] has suggested that adolescents with depression spend 
more time using social networks than those without. Therefore, social 
networks could be used effectively to promote the use of mental care 
mobile apps, as studies have shown that they are widely used among 
young people [46,47]. Furthermore, concerning the individuals who do 
not have previous knowledge on this kind of mobile apps (N = 387), 
51.4 % state that they do not prefer to use mobile applications for mental 
health. Therefore, the lack of awareness and knowledge is highly 
correlated with the unwillingness to use mobile apps for mental health. 

Similar to previous studies [48,49], the results herein suggested that 
women are more open to using mobile apps than men. With females 
(59.6 %) being more open to using such apps in the future than males 
(41.1 %). 

In this study, 54.9 % of the respondents reported that they would 
prefer consulting a professional over using an app. Although several 
studies have presented promising results for the use of mobile apps for 
mental health, human care is necessary to treat mental health problems. 
Moreover, mobile apps are not suitable for all psychological issues [48, 
50,51]. It is necessary to involve mental healthcare professionals in the 
co-design of these apps and apply psychological theories such as 
cognitive behavioral therapy and mindfulness based therapy [52]. 

Some respondents who indicated a preference for mobile apps over 
consultations with healthcare practitioners cited the reason as cost. Only 
20 % of the population have access to professional care in high-income 
countries [45,53]. Families’ financial difficulties may force them to 
avoid professional care. Thus, improving access to mental healthcare is 
imperative. 

The stigmas associated with psychological problems were also given 
as a reason for preferring mobile apps. Studies have found that stigmas 
are closely associated with a lack of treatment opportunities [54,55,56]. 
Although levels of education have improved in the last two decades, 
discrimination against those with psychological difficulties remains 
[57]. 

Access to specialists is also a relevant challenge. Several studies have 
revealed the impact of the accessibility or the lack of mental healthcare 

Table 5 
Q5 results: Functionalities respondents wanted in a mental care mobile app.  

Reason Count % 

I do not know 174 28.60% 
Free guides with expert advice 105 17.20 % 
Online therapy with a specialist 78 12.8% 
Meditation exercises to stress and anxiety management 67 11.00% 
General answers 58 9.70% 
Supported by professionals in psychiatry and psychology 29 4.80% 
Exercises and daily support routines with a goal’s indicators 28 4.60% 
Invalid answers 24 3.90 % 
Tips to increase confidence in specific moments 18 3.00% 
Overcoming interviews of people who have suffered problems 14 2.30% 
Test that facilitates the detection of the issues and advice to 

solve them 
13 2.10%  
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[58–60]. Smartphones are an integral part of individuals’ daily routine 
[61]. Therefore, a joint effort from interdisciplinary fields is necessary to 
develop new strategies to enhance their impact on society and the 
economy. 

Mental care apps are considerably underused, which is closely 
related to an absence of information on the features of such apps. Several 
studies on meditation treatments delivered through mobile apps have 
reported effective results [62–64]. 

Studies conducted on the application of gamification on mental 
health apps have reported promising results [61,62,66]. Several par
ticipants in the present research noted the necessity of including gami
fication features to ensure that the app is used consistently. However, 24 
respondents indicated they only trusted personal care. 

Although mental care mobile apps are a practical approach validated 
by several studies [63–65,68,69], their use has several limitations. 
Previous studies have revealed the need to develop guidelines to eval
uate mental care mobile apps and to incorporate the citation of sources 
and privacy information to the end-users [70]. One study [71] 
concluded that more than 50 % of patients in all age groups had 
accepted the daily use of mental care mobile apps. Moreover, another 
study [72] suggested that such apps should be promoted because of their 
positive impact on public health. Furthermore, relevant recommenda
tions for the development of such apps have been presented [67]. In 
summary, it is recommended that similar studies should be conducted in 
several locations to understand user requirements for these apps. Users’ 
needs are crucial to developing effective and efficient mobile apps for 
enhanced healthcare. These requirements may differ depending on the 
users’ location and age [70]. Therefore, it is imperative to ensure that 
such apps are designed and developed with the involvement of mental 
health professionals [73]. Furthermore, it is crucial to present scientif
ically validated content to the users and introduce enhanced features 
such as gamification. 

5. Limitations 

This study might have several limitations. First, most of the re
spondents were female. Second, the utilization of other satisfaction 
scales would have enhanced the findings on the students’ attitudes. 
Third, additional questions that examined attitudes toward mental care 
mobile apps would have extended the findings. Finally, conducting face- 
to-face interviews would have allowed the researchers to explore the 
respondents’ preferences and attitudes toward mental care apps in- 
depth. 

6. Conclusions 

COVID-19 has an impact on several aspects of life, including health, 
finance, and education. This study investigated its impact on the psy
chological state of Valladolid University students using the GHQ-12. 
Moreover, it explored students’ attitudes and willingness to use mo
bile apps for their mental care. This study shows that most of the par
ticipants are in the High scale concerning almost all psychological factors 
with exception to loss of confidence. In total, 52.1 %, 44.7 % and 53.6 % 
of the participants are in the High scale concerning GHQ-12, anxiety and 
depression, and social dysfunction, respectively. The results indicated 
that although students are in need of psychological support during this 
pandemic, it has been difficult to access mental help in the traditional 
manner (i.e., by consulting with a mental healthcare professional). 
Mobile mental care apps may prove beneficial in such situations. The 
findings herein could support future research activities on the design 
and development of mobile apps for mental health for university stu
dents in Spain. The reasons reported to prefer the use of mobile mental 
care apps instead of consulting with a specialist and the functionalities 
that the participants want to see on mobile applications are a critical 
base of knowledge to support the design of novel applications in this 
field. Future work will be conducted on the development of a mobile 

application for mental health. 
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• This work suggests that students are in need of psychological support 
during this crisis 

;1; 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Appendix A. Supplementary data 

Supplementary material related to this article can be found, in the 
online version, at doi:https://doi.org/10.1016/j.ijmedinf.2020.104369. 

References 

[1] J.N. Hays, Epidemics and Pandemics: Their Impacts on Human History, 2005. 
[2] WHO, Novel Coronavirus(2019-nCoV). Situation Report – 22 [Online]. Available:, 

World Health Organization, 2020, p. 22 https://www.who.int/docs/default-sour 
ce/coronaviruse/situation-reports/20200211-sitrep-22-ncov.pdf?sfvrsn=f 
b6d49b1_2. 

[3] WHO, Novel Coronavirus (2019-nCoV). Situation Report - 1 [Online]. Available:, 
World Health Organization, 2020, p. 1 https://www.who.int/docs/default-sourc 
e/coronaviruse/situation-reports/20200121-sitrep-1-2019-ncov.pdf?sfvrsn=20a 
99c10_4. 

[4] W. Tan, et al., Is returning to work during the COVID-19 pandemic stressful? A 
study on immediate mental health status and psychoneuroimmunity prevention 
measures of Chinese workforce, Brain Behav. Immun. 87 (July) (2020) 84–92, 
https://doi.org/10.1016/j.bbi.2020.04.055. 

[5] F. Hao, et al., Do psychiatric patients experience more psychiatric symptoms 
during COVID-19 pandemic and lockdown? A case-control study with service and 
research implications for immunopsychiatry, Brain Behav. Immun. 87 (July) 
(2020) 100–106, https://doi.org/10.1016/j.bbi.2020.04.069. 

[6] Dalila Talevi, et al., Mental health outcomes of the CoViD-19 pandemic, Riv. 
Psichiatr. (May) (2020), https://doi.org/10.1708/3382.33569 no. 2020 May-June. 

[7] J. Badcock, Coronavirus: Why Spain Is Seeing Second Wave, BBC News, 2020. 
https://www.bbc.com/news/world-europe-53832981. 

[8] VOA News, Spain Overtakes Britain for Most COVID-19 Cases in Europe, US News, 
2020. https://www.voanews.com/covid-19-pandemic/spain-overtakes-brita 
in-most-covid-19-cases-europe. 

G. Marques et al.                                                                                                                                                                                                                               

https://doi.org/10.1016/j.ijmedinf.2020.104369
http://refhub.elsevier.com/S1386-5056(20)31905-5/sbref0005
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200211-sitrep-22-ncov.pdf?sfvrsn=fb6d49b1_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200211-sitrep-22-ncov.pdf?sfvrsn=fb6d49b1_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200211-sitrep-22-ncov.pdf?sfvrsn=fb6d49b1_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200121-sitrep-1-2019-ncov.pdf?sfvrsn=20a99c10_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200121-sitrep-1-2019-ncov.pdf?sfvrsn=20a99c10_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200121-sitrep-1-2019-ncov.pdf?sfvrsn=20a99c10_4
https://doi.org/10.1016/j.bbi.2020.04.055
https://doi.org/10.1016/j.bbi.2020.04.069
https://doi.org/10.1708/3382.33569
https://www.bbc.com/news/world-europe-53832981
https://www.voanews.com/covid-19-pandemic/spain-overtakes-britain-most-covid-19-cases-europe
https://www.voanews.com/covid-19-pandemic/spain-overtakes-britain-most-covid-19-cases-europe


International Journal of Medical Informatics 147 (2021) 104369

6

[9] WHO, Coronavirus Disease (COVID-19). Situation Report – 209 [Online]. 
Available:, World Health Organization, 2020 https://www.who.int/docs/default-s 
ource/coronaviruse/situation-reports/20200816-covid-19-sitrep-209.pdf?sfvrs 
n=5dde1ca2_2. 

[10] CDC, COVID-19 in Spain, Centers of Didease Control and Prevention, 2020. htt 
ps://wwwnc.cdc.gov/travel/notices/warning/coronavirus-spain. 

[11] C. Smith, Coronavirus: Spain Closes All Schools and Universities to 9.5 Million 
Students as Government Ministers Now Among the 3000 Infected, 2020. https 
://www.theolivepress.es/spain-news/2020/03/12/coronavirus-spain-closes-all-sc 
hools-and-universities-to-9-5-million-students-as-government-ministers-now-amo 
ng-the-3000-infected/. 

[12] S.K. Brooks, et al., The psychological impact of quarantine and how to reduce it: 
rapid review of the evidence, Lancet 395 (March 10227) (2020) 912–920, https:// 
doi.org/10.1016/S0140-6736(20)30460-8. 

[13] N.S. Zulkefly, R. Baharudin, Using the 12-Item General Health Questionnaire 
(GHQ-12) to Assess the Psychological Health of Malaysian College Students, vol. 2, 
2010, pp. 73–80. 

[14] G.N. Baksheev, J. Robinson, E.M. Cosgrave, K. Baker, A.R. Yung, Validity of the 12- 
item General Health Questionnaire (GHQ-12) in detecting depressive and anxiety 
disorders among high school students, Psychiatry Res. 187 (May 1–2) (2011) 
291–296, https://doi.org/10.1016/j.psychres.2010.10.010. 

[15] H. Yaghubi, Validity and Factor Structure of the General Health Questionnaire 
(GHQ-12) in University Students, vol. 6, 2012, pp. 153–160. 

[16] B. Pfefferbaum, C.S. North, Mental health and the Covid-19 pandemic, N. Engl. J. 
Med. 383 (August 6) (2020) 510–512, https://doi.org/10.1056/NEJMp2008017. 

[17] S. Liu, et al., Online mental health services in China during the COVID-19 outbreak, 
Lancet Psychiatry 7 (April 4) (2020) e17–e18, https://doi.org/10.1016/S2215- 
0366(20)30077-8. 

[18] P. Cheng, et al., COVID-19 epidemic peer support and crisis intervention via social 
media, Community Ment. Health J. 56 (July 5) (2020) 786–792, https://doi.org/ 
10.1007/s10597-020-00624-5. 

[19] A. Rastegar Kazerooni, M. Amini, P. Tabari, M. Moosavi, Peer mentoring for 
medical students during the COVID-19 pandemic via a social media platform, Med. 
Educ. 54 (August 8) (2020) 762–763, https://doi.org/10.1111/medu.14206. 

[20] J. Firth, J. Torous, J. Nicholas, R. Carney, S. Rosenbaum, J. Sarris, Can smartphone 
mental health interventions reduce symptoms of anxiety? A meta-analysis of 
randomized controlled trials, J. Affect. Disord. 218 (August) (2017) 15–22, https:// 
doi.org/10.1016/j.jad.2017.04.046. 

[21] J.H. Wright, M. Mishkind, T.D. Eells, S.R. Chan, Computer-assisted cognitive- 
behavior therapy and mobile apps for depression and anxiety, Curr. Psychiatry 
Rep. 21 (July 7) (2019) 62, https://doi.org/10.1007/s11920-019-1031-2. 

[22] S.M. Coulon, C.M. Monroe, D.S. West, A systematic, multi-domain review of mobile 
smartphone apps for evidence-based stress management, Am. J. Prev. Med. 51 
(July 1) (2016) 95–105, https://doi.org/10.1016/j.amepre.2016.01.026. 

[23] G. Sreejith, V. Menon, Mobile phones as a medium of mental health care service 
delivery: perspectives and barriers among patients with severe mental illness, 
Indian J. Psychol. Med. 41 (September 5) (2019) 428–433, https://doi.org/ 
10.4103/IJPSYM.IJPSYM_333_18. 

[24] I. Sukmawati, Z. Ardi, I. Ifdil, Z. Zikra, Development and validation of acceptability 
of mental-health mobile app survey (AMMS) for android-based online counseling 
service assessment, J. Phys. Conf. Ser. 1339 (December) (2019) 012124, https:// 
doi.org/10.1088/1742-6596/1339/1/012124. 

[25] K.E. Miller, et al., Use and perceptions of mobile apps for patients among VA 
primary care mental and behavioral health providers, Prof. Psychol. Res. Pract 50 
(June 3) (2019) 204–209, https://doi.org/10.1037/pro0000229. 

[26] N. Atallah, M. Khalifa, A. El Metwally, M. Househ, The prevalence and usage of 
mobile health applications among mental health patients in Saudi Arabia, Comput. 
Methods Programs Biomed. 156 (March) (2018) 163–168, https://doi.org/ 
10.1016/j.cmpb.2017.12.002. 

[27] N. Drissi, A. Alhmoudi, H. Al Nuaimi, M. Alkhyeli, S. Alsalami, S. Ouhbi, 
Investigating the impact of COVID-19 lockdown on the psychological health of 
university students and their attitudes toward mobile mental health solutions: two- 
part questionnaire study, JMIR Form. Res. 4 (October 10) (2020) e19876, https:// 
doi.org/10.2196/19876. 

[28] WHO, Mental Health & COVID-19, 2020. https://www.who.int/teams/mental-he 
alth-and-substance-use/covid-19. 

[29] WHO. Depression and Other Common Mental Disorders, World Health 
Organization https://www.who.int/publications/i/item/depression-global-health- 
estimates. 

[30] J.W.G. Tiller, Depression and anxiety, Med. J. Aust. 199 (S6) (2013) S28–S31. 
[31] R.P. Rajkumar, COVID-19 and mental health: a review of the existing literature, 

Asian J. Psychiatry 52 (August) (2020) 102066, https://doi.org/10.1016/j. 
ajp.2020.102066. 

[32] J. Xiong, et al., Impact of COVID-19 pandemic on mental health in the general 
population: a systematic review, J. Affect. Disord. 277 (December) (2020) 55–64, 
https://doi.org/10.1016/j.jad.2020.08.001. 

[33] C. Wang, et al., A longitudinal study on the mental health of general population 
during the COVID-19 epidemic in China, Brain Behav. Immun. 87 (July) (2020) 
40–48, https://doi.org/10.1016/j.bbi.2020.04.028. 

[34] Y. Huang, N. Zhao, Generalized anxiety disorder, depressive symptoms and sleep 
quality during COVID-19 outbreak in China: a web-based cross-sectional survey, 
Psychiatry Res. 288 (June) (2020) 112954, https://doi.org/10.1016/j. 
psychres.2020.112954. 

[35] C. Wang, et al., The association between physical and mental health and face mask 
use during the COVID-19 pandemic: a comparison of two countries with different 

views and practices, Front. Psychiatry 11 (September) (2020) 569981, https://doi. 
org/10.3389/fpsyt.2020.569981. 

[36] A.S.F. Kwong, et al., Mental health during the COVID-19 pandemic in two 
longitudinal UK population cohorts, Psychiatry and Clin. Psychol. preprint (June) 
(2020), https://doi.org/10.1101/2020.06.16.20133116. 
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