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ABSTRACT

IZA DP No. 15413 JULY 2022

M-Health Apps and Physical and Mental 
Health Outcomes of Sexual Minorities
Given the assigned health inequalities faced by sexual minorities, it is fitting to assess 

whether m-health could be associated with better health-related outcomes for these sexual 

minorities. The present study examines associations between m-physical and m-mental 

health apps and sexual minorities’ physical and mental health status in Greece. The study 

utilized three waves of panel data collected in 2018, 2019, and 2020. The findings indicated 

associations between the use of m-physical and m-mental health apps and increased 

physical and mental health status for sexual minorities. The work concludes that m-health 

could enhance informational capabilities associated with increased levels of physical and 

mental health for sexual minorities. Indeed, the study found that, during the COVID-

19 pandemic, sexual minorities experienced physical and mental health deteriorations. 

Interestingly, the estimates indicated that the association between the use of m-physical 

and m-mental health apps and increased mental health status for sexual minorities was 

stronger during the COVID-19 pandemic than before. The study suggests that tracking 

health-related information through m-health apps during periods of increased uncertainty 

could be associated with better health prevention and management. If m-health apps can 

alleviate adverse physical and mental health symptoms for sexual minorities, their potential 

should be considered.
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1. Introduction 

M-health (i.e., mobile health) describes services supported by mobile communication 

devices, such as smartphones (Weinstein et al., 2014). M-health apps are the enablers of m-health 

and the drivers of the systems (Weinstein et al., 2014)1. M-health apps have become channels 

through which people can access the internet so as to obtain health information (Wattanapisit et al., 

2020; Nie et al., 2020; Mutebi and Devroey, 2018; Lim et al., 2011). M-health apps aim to meet 

health needs by monitoring health status, providing disease self-management, guides, and action 

plans (Mosa et al., 2012; World Health Organization, 2011). Through direct and customized 

communication, m-health apps attempt to support health practices (Drydakis, 2021a; Wattanapisit et 

al., 2020; Ghahramani and Wang, 2020; World Health Organization, 2011). These apps can also 

potentially prevent the occurrence of a particular disease through communication, storage of 

information, and the delivery of messages that can lead to healthy behaviors (Morse et al., 2018; 

Izahar et al., 2017). Indeed, such apps are associated with better quality of life and chronic disease 

management, as well as reduced depressive symptoms, blood pressure, weight, hospitalization and 

deaths (Ghahramani and Wang, 2020; Marcolino et al., 2018; Firth et al., 2017). Studies suggest 

that m-heath apps might be valuable for patients with low health literacy, patients who perceive 

themselves as having a stigmatizing condition, and minority population groups (Drydakis, 2021a; 

Aboueid et al., 2019; Amante et al., 2015; Kim and Xie, 2015). 

Sexual minorities experience poorer physical and mental health, consume more substances, 

including tobacco, alcohol, and drugs, and have unprotected sexual intercourse relative to their 

heterosexual peers (Meads, 2020; Drydakis and Zimmermann, 2020; Lick et al., 2013; Cochran and 

May, 2012). This difference is attributed to the negative consequences of sexual minority stigma, 

which can take several forms, such as social exclusion, discrimination, victimization, and 

internalized homophobia (Hafeez et al., 2017; Meyer, 2003). Studies have found that sexual 

minorities utilize m-health apps for a variety of reasons, such as to chat with a healthcare provider 

as well as to track and receive feedback on their sexual behavior and substance use (Dubov et al., 

2021; Craig et al., 2021; Byron, 2019; Shrestha et al., 2019; Ventuneac et al., 2018). 

The present study examined the associations between m-physical and m-mental health apps 

DQG�VH[XDO�PLQRULWLHV¶�SK\VLFDO and mental health status in Greece. Longitudinal data sets covering 

 
1 In contrast, telemedicine is defined as the provision of medical services at a distance, through 

video imaging and telecommunication, by a physician (Weinstein et al., 2014). Telehealth is an 

umbrella term that covers telemedicine and a variety of nonphysician services, including telenursing 

and telepharmacy (Weinstein et al., 2014). 
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three years, 2018±2020, were utilized to provide evaluations. Physical health outcomes were 

captured through the SF-36 General Health dimension and mental health was evaluated through the 

SF-36 Mental Health dimension (Ware et al., 1994). The study hypothesizes that m-health apps 

could be envisioned as supporting mechanisms to access health-related services (Wattanapisit et al., 

2020; Ghahramani and Wang, 2020; Zheng and Walsham, 2008; Alkire, 2005), thus enhancing 

informational capabilities that could be associated with increased levels of physical and mental 

health status (Drydakis, 2021a; Gigler, 2015; Zheng and Walsham, 2008; Heeks, 2002). The study 

indicates that m-health apps could turn provided information and guidance into learning decisions 

for value actions for sexual minorities (Sen, 1985; 1999; Gigler, 2015; Heeks, 2002). 

In Greece, there exists no literature concerning the association between m-health apps and 

sexual PLQRULWLHV¶�SK\VLFDO�DQG�PHQWDO�KHDOWK�RXWFRPHV��7KH�*UHHN�VWDWH�KDV�KLVWRULFDOO\�SXUVXHG�DQ�

intolerant approach to sexual orientation civil and human rights issues (Giannou and Ioakimidis, 

2020). In Greece, employment studies have found that gay/bisexual men and lesbian/bisexual 

women encounter lower wages, higher unemployment, and more adverse experiences in the 

workplace than do their heterosexual peers, thus indicating that the sexual minorities might 

experience higher financial hardships than heterosexual people (Drydakis, 2009; 2011; 2012a; 

2015a, 2019a; 2021b). Moreover, the Greek literature has indicated that homophobia is at the root 

of biased treatment which is received by sexual minorities in the workplace (Drydakis, 2009; 

2019a; 2021c). During the financial crisis, especially between 2012 and 2017, there was an increase 

in homophobia, verbal abuse, and physical violence against sexual minorities (Sroiter, 2014). In 

Greece, Giannou and Ioakimidis (2020) reported that sexual minorities and medical care 

professionals consider homophobia a profound factor when it comes to systematic exclusion and 

restrictions on access to good-quality healthcare. In the same region, Drydakis (2021d) found that 

social rejection due to a minority sexual orientation, related to unfair treatment in educational and 

workplace environments, and/or public/health environments, bore a negative association with 

physical and mental health. Moreover, it was discovered that periods characterized by worse 

economic conditions correlateG�ZLWK�D�GHFOLQH�LQ�VH[XDO�PLQRULWLHV¶�SK\VLFDO�DQG�PHQWDO�KHDOWK��

Furthermore, Drydakis (2022a) also found that social rejection due to a minority sexual orientation 

was associated with the increased consumption of tobacco, alcohol, and cannabis, as well as 

unprotected sexual intercourse. The study revealed that there was increased cannabis consumption 

during periods of deteriorated economic conditions. 

In Greece, there is a lack of studies on m-KHDOWK�DSSV�DQG�VH[XDO�PLQRULWLHV¶�KHDOWK-related 

outcomes ± something which the present study aims to address by contributing to the literature. The 

2019 Eurobarometer survey indicated that Greece is more homophobic compared to the EU-28 

average (Eurobarometer, 2019). Moreover, in Greece health inequalities between sexual majorities 
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and minorities seem to be prevalent (Drydakis, 2021d). Hence, there is an interest in assessing 

IDFWRUV�WKDW�PLJKW�SRVLWLYHO\�LPSDFW�RQ�VH[XDO�PLQRULWLHV¶�KHDOWK-related performance.  

Moreover, this study is among the first to assess the effects which m-physical and m-health 

apps have on both physical and mental health status for sexual minorities, so as to provide 

comprehensive empirical patterns. Given the strong link between physical and mental health 

(Ohrnberger et al., 2017; Doherty and Gaughran, 2014), it is of interest to assess whether m-

physical health apps might be associated not only with better physical health, but also with better 

mental health for sexual minorities. The latter outcome could unravel m-KHDOWK�DSSV¶�PXOWLSOH�

potential uses. 

In addition, the current study utilizes panel data ± not a common feature in sexual 

orientation epidemiological studies ± which might make it possible to offer better-informed 

estimates by reducing unobserved heterogeneity (Wooldridge, 2010).  

Furthermore, in the present study the actual number of observations of sexual minorities 

utilizing m-health apps is higher than in the majority of studies examining relevant patterns 

(Hightow et al., 2015; Dubov et al., 2021; Craig et al., 2015; Gannon et al., 2020; Garg et al., 2020). 

Such a feature might enhance the accuracy of the estimates.   

Importantly, the third wave of the present data set contains information collected during the 

COVID-19 pandemic. That period (i.e., April-June 20202��VDZ�*UHHFH¶s first nationwide lockdown, 

designed to prevent further spread of the COVID-19 pandemic. This information makes it possible 

to examine whether m-physical and m-mental health apps could be associated with better physical 

and mental health outcomes for sexual minorities during a period when sexual minorities were 

disproportionately affected by the COVID-19 pandemic (Drabble and Eliason, 2021; Phillips, 2021; 

Barrientos et al., 2021). Sexual minorities experience social disadvantages and mental health 

disparities, which have been exacerbated by COVID-19 pandemic trauma and social isolation 

measures (Barrientos et al., 2021; Drabble and Eliason, 2021; Fish et al., 2020; Gonzales et al., 

2020). 

The present study shall evaluate factors that could reduce adverse health-related outcomes 

during challenging periods. Assessing whether m-health is associated with better health-oriented 

outcomes for minority population groups should be of interest to policymakers and the general 

public (Drabble and Eliason, 2021; Phillips, 2021). 

 
2 In March 2020, all residents in Greece were asked to limit non-essential movement. Starting from 
May 2020, Greece began to gradually lift restrictions on movement and to restart business activity. 
However, in November 2020, the country put in place new measures and restrictions on movement 
and business activity. 
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2. Theoretical framework 

2.1 M-health and outcomes 

Smartphones and m-physical and m-mental health provision constitute a new technological 

revolution, providing the basis for one of the greatest expansions of human capabilities in known 

history (Drydakis, 2021a; Smith et al., 2011). It is suggested that m-physical and m-mental health 

apps could be considered supporting mechanisms which can be used to access health-related 

services (Alkire, 2005). Based on the capability approach framework (Sen, 1985; 1999), m-physical 

and m-health apps may boost health-orieQWHG�LQGLFDWRUV�E\�LQFUHDVLQJ�SHRSOH¶V�FDSDELOLW\�WR�ILQG�

health-related information and acquire knowledge in a process designed to boost their ability to 

address health concerns and make informed decisions (Drydakis, 2021a; Zheng and Walsham, 

2008).  

M-physical health apps aim to achieve health goals through tools, action plans, and healthy 

lifestyle guides (Drydakis, 2021a; World Health Organization, 2011). Researching health-related 

information on the internet has become common practice among the general public (Beck et al., 

2014; World Health Organization, 2011). M-physical health apps are appropriate channels for 

accessing the internet in order to obtain health information (Drydakis, 2021a; Lim et al., 2011), with 

smartphones playing an important role in patient health education, disease self-management, and 

remote monitoring of patients (Ghahramani and Wang, 2020; Wattanapisit et al., 2020; Mosa et al., 

2012). There are positive associations between m-physical health apps in chronic disease 

management and improved heart failure symptoms, reduced blood pressure in hypertensive patients, 

reduced weight in overweight and obese patients, and reduced deaths and hospitalization 

(Marcolino et al., 2018).  

0RELOH�WHFKQRORJ\¶V�PRELOLW\��LQVWDQWDQHRXV�DFFHVV��DQG�direct communication allow for 

faster transfer of health information, which in turn could support health practices (World Health 

Organization, 2011). M-physical health apps have the potential to replace certain practices, such as 

taking medical histories and making a diagnosis, performing particular kinds of physical 

examinations, supporting disease-specific care, and health promotion (Wattanapisit et al., 2020). In 

%HOJLXP��0XWHEL�DQG�'HYURH\��������HVWLPDWHG�WKDW�����RI�WKHLU�VWXG\¶V�SDUWLFLSDQWV�XVHG�P-

physical health apps for general health check-ups and 18% for follow-up of chronic illnesses. In the 

US, Bauer et al. (2014) estimated that 35.5% of smartphone patients sought physical health 

information from their smartphones, 22.0% accessed an m-health app, and 20.8% tracked or 

managed health conditions via mobile devices. Touchscreen-based apps aid users with low health 

literacy in achieving an understanding of, and education on, medical treatments (Kim and Xie, 

2015). M-physical health apps can positively impact patients who are less inclined to engage with 

traditional health services and those who do not have access to healthcare services and perceive 
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themselves as having a stigmatizing condition, reducing the burden of diseases which are linked to 

poverty (Aboueid et al., 2019, Amante et al., 2015; Hamine et al., 2015; Carter et al., 2015).  

Mobile technology also provides tools to enhance treatment for mental health concerns (Nie 

et al., 2020; Goodwin et al., 2016; Anthes, 2016; Kolar et al., 2016; Yuan et al., 2015; Sagar and 

Pattanayak, 2015; Gajecki et al., 2014). There are emotional and psychological support m-mental 

health apps that provide evidence-based health information and education with varying levels of 

health literacy (Nie et al., 2020; Goodwin et al., 2016). M-mental health apps also cover many 

stages of clinical care provision, such as crisis intervention, prevention, diagnosis, primary 

treatment, supplementing in-person therapy, and post-treatment condition management (Price et al., 

2014). 

M-mental health apps allow for so-FDOOHG�µDQ\ZKHUH��DQ\WLPH¶�DFFHVV�DQG�WKH\�PD\�UHGXFH�

the stigma associated with seeking face-to-face consultation (Jones and Moffitt, 2016). Indeed, a 

past study found that m-mental health apps designed to alleviate symptoms and allow for self-

PDQDJHPHQW�RI�GHSUHVVLRQ�UHGXFHG�SDWLHQWV¶�GHSUHVVLYH�V\PSWRPV��)LUWK�HW�DO����������,Q�DGGLWLRQ��

m-mental health apps for treating symptoms of schizophrenia can have broad-ranging clinical 

benefits (Firth et al., 2017). M-mental health apps can reach population groups that might otherwise 

not have access to mental health care (Dahl and Boulos, 2013; Cahill et al., 2007) and are beneficial 

for adolescents (Gindidis et al., 2019). 

 

2.2 M-health and sexual minorities 

One of the most notable advantages of m-health apps is the access to healthcare services 

which they provide for marginalized populations (Drydakis, 2021a). Sexual minorities, due to 

adverse lived experiences, are disproportionally affected by a wide range of health and mental 

health risks (Drydakis, 2021d) and experience barriers and discrimination in healthcare settings 

(Meads, 2020). M-health can address some of these barriers by, for instance, offering sexual 

minorities private and flexible ways to access specialized information and services, thus reducing 

the risk of biased treatments. For sexual minorities, m-health can help promote interventions for 

HIV prevention, facilitate HPV vaccination, reduce sexual activities without condom use, reduce 

depression symptoms, and increase self-esteem and coping strategies (Craig et al., 2021; Fontenot et 

al., 2020; Nelson et al., 2020; Shrestha et al., 2019). 

The empirical literature related to sexual minorities indicates a positive association between 

the use of m-physical health apps and access to critical information and services (Shrestha et al., 

2019; Ventuneac et al., 2018). A systematic evaluation suggested that mobile apps for pre-exposure 

prophylaxis (PrEP) demonstrate some promise as potential avenues for increasing PrEP uptake and 

adherence among persons at risk of HIV infection (Sharpe and Kamara, 2018). A literature review 
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on m-health interventions for HIV prevention and treatment among gay, bisexual, and other men 

who have sex with men indicated that the m-health approach is feasible and acceptable, and 

evidence of efficacy exists (Nelson et al., 2020). 

In the US, gay, bisexual, and other men who have sex with men reported interest in one or 

more sexual m-health app feature, including those used to find LGBTIQ+-friendly providers, 

receive lab results, schedule appointment reminders, chat with a healthcare provider, receive 

medication reminder alerts, and track and receive feedback on their sexual behavior and substance 

use (Ventuneac et al., 2018). Moreover, in Boston, Massachusetts, it was found that young men 

who have sex with men utilized an m-health app to facilitate HPV vaccination, thereby helping 

youth with m-health interventions to create action plans to facilitate healthy behaviors (Fontenot et 

al., 2020). In Chicago, Illinois, and in New York, it was estimated that, for male youth sexual 

minorities pursuing empowerment, education and prevention around sexuality, mobile apps would 

be informative and usable for their sexual health education and HIV prevention needs (Gannon et 

al., 2020). Moreover, in Indonesia it was found that a peer-customized mobile app based on the 

principle of self-learning for improving HIV prevention knowledge and access to health services 

among men who have sex with men and trans women was associated with increased HIV-related 

knowledge, uptake of HIV testing, and self-esteem, as well as a reduction in sexual activities 

without condom use (Garg et al., 2020). In Malaysia, most men who have sex with men and own a 

smartphone have used m-health apps to seek sexual health information (Shrestha et al., 2019). 

Regarding the use of m-mental health apps, in Australia, LGBTIQ+ young people (aged 16±

25) highlighted the potential value of m-health apps (Byron, 2019). In Toronto, Canada, young 

LGBTIQ+ people who used digital computer-based m-health interventions reported significantly 

reduced depression symptoms and improved stress appraisal and coping skills (Craig et al., 2021). 

In the US, a mobile phone online intervention for young black men who have sex with men and 

black trans women resulted in decreased social isolation and depression symptoms (Hightow-

Weidman et al., 2015). In Los Angeles, interventions designed for trans people tracked their mood, 

connected them to the community, and allowed them to access local resources, thus supporting the 

acceptability and usability of m-health interventions to predict and improve the rates of suicidal 

ideation among trans people (Dubov et al., 2021). 

 

2.3 Hypotheses 

Given the presented theoretical and empirical patterns, the current study indicates that 

sexual minorities might find comfort in utilizing m-physical and m-health apps. Such technology 

may improve patient±provider communication and assist in disease prevention, disease 
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management, diagnosis, treatment, and monitoring (Bennion et al., 2019; Chandrashekar, 2018; 

0DUFROLQR�HW�DO���������0HVNy�HW�DO���������:KLWWDNHU�HW�DO���������0RKDSDWUD�HW�DO����������,W�PLJKW�

be the case that m-physical and m-mental health apps could turn provided services into learning 

decisions for value actions (Gigler, 2015; Heeks, 2002). Subsequently, enhanced informational 

capabilities might be associated with increased levels of physical and mental health (Gigler, 2015; 

Zheng and Walsham, 2008; Heeks, 2002). 

Given the presented theoretical and empirical considerations and the strong link between 

physical and mental health (Ohrnberger et al., 2017; Doherty and Gaughran, 2014), the present 

study proposes the following set of predictions: 

Hypothesis 1i. M-physical health apps might be associated with increased physical health status for 

sexual minorities. 

Hypothesis 1ii. M-physical health apps might be associated with increased mental health status for 

sexual minorities. 

Hypothesis 2i. M-mental health apps might be associated with increased physical health status for 

sexual minorities. 

Hypothesis 2ii. M-mental health apps might be associated with increased mental health status for 

sexual minorities. 

 

3. Data collection, variables, and estimation strategy 

3.1 Data collection 

The study utilized panel data consisting of information collected during the years 2018, 

2019, and 2020. In 2018, the research team approached LGBTIQ+ unions and NGOs working on 

VH[XDO�PLQRULWLHV¶�ULJKWV�WR�JDWKHU�LQIRUPDWLRQ�RQ�WKH�scheduled events before the annual LGBTIQ+ 

pride, which takes place in the capital city of Greece (Athens) every June. The events held during 

the pride preparation, as well as those which take place during the pride week itself, are attended by 

thousands of people, with features including round-table talks and workshops, lectures, film 

screenings, and artistic and cultural exhibitions. The events provide an opportunity for researchers 

to recruit LGBTIQ+ people for surveys and to collect data (Sidiropoulou et al., 2020; Drydakis, 

2019b). 

The research team attended the events between April and June 2018, distributing 

participation forms with assistance from the organizers. At each event, the research team informed 

the public that university research was being conducted, providing information regarding the 

VWXG\¶V�DLP��L�H���WR�UHVHDUFK�KHDOWK�RXWFRPHV�IRU�QRQ-heterosexual people; at this point, the 

participation forms were distributed. The team invited non-heterosexual people to participate in the 

survey: µYou are invited to participate in the current university survey if you self-identify as non-
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heterosexual, that is, you self-identify as a gay, lesbian, bisexual, queer, etc. This survey aims to 

capture health-oriented behaviors and patterns of non-heterosexual people.¶   

The participation forms provided the contact information of the research team as well as the 

VWXG\¶V�DLP��QDPHO\�WR�FROOHFW�ORQJLWXGLQDO�LQIRUPDWLRQ�RQ�QRQ-KHWHURVH[XDO�SHRSOH¶V�GHPRJUDSKLF�

characteristics, habits, and health-related outcomes. Potential participants were asked to provide an 

email address to which the e-questionnaire could be forwarded, allowing them to complete the 

survey. The participants were informed that those who completed the survey would be re-

approached in the future to provide follow-up information. The first data collection session took 

place between April and August 2018, with two emails sent to participants reminding them to 

undertake the survey. Two follow-up data collection sessions were conducted in 2019 and 2020 

between April and August, with those participants who had provided information in the first wave 

re-approached. Similar to the first data collection session, up to two reminder emails were sent to 

participants asking them to consider the follow-up study. 

Between April and June 2018, the research team gathered 268 participation forms, through 

which individuals had confirmed their participation, verified their self-identified non-heterosexual 

status, and provided an email address. E-questionnaires were forwarded to the provided email 

addresses and 223 individuals completed the survey. In 2019, the follow-up data collection session 

obtained 187 responses, while this figure was 165 responses in 2020. The 2018±2020 panel sample 

consisted of 575 observations. The consent form highlighted that the email addresses of the 

participants would only be utilized for follow-up surveys, while it also provided information on 

KRZ�SDUWLFLSDQWV�FRXOG�UDLVH�FRQFHUQV��DVN�IRU�FODULILFDWLRQ��DQG�RU�FRPSODLQ�WR�WKH�XQLYHUVLW\¶V 

Ethics Committee. No complaints were received by the research team.  

 

3.2 Variables  

The e-questionnaires collected information regarding basic demographics (gender, gender 

identity, age, education, economic condition, and employment status). Economic condition was 

measured through a 5-point Likert scale. The e-questionnaires contained dichotomous items 

(yes/no) regarding smartphone ownership and whether smartphone owners use m-physical and m-

PHQWDO�KHDOWK�DSSV��:HLQVWHLQ�HW�DO����������µDUH�\RX�D�VPDUWSKRQH�RZQHU"¶��µif you are a 

smartphone owner, have you used in the last year mobile applications on physical health and 

fitness to receive physical health care and fitness services, to facilitate your needs and interests, to 

find information and access educational materials for training and coaching purposes, to track 

your own activities and perform self-assessment, etc.?¶�DQG�µif you are a smartphone owner, have 

you used in the last year mobile applications on mental health to receive psychological care, to 
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facilitate your needs and interests, to find information and access educational materials for training 

and coaching purposes, to track your own activities and perform self-assessment, etc�"¶�� 

To measure physical health status, the 36-Item Short Form HealtK�6XUYH\¶V�

General/Physical Heath dimension (SF-36 GH) was utilized; indeed, this is the most widely used 

measure of health-related quality of life in population-based studies (Ware et al., 1994; Ware, 2000) 

and has been validated in Greece (Kontodimopoulos et al., 2008; Pappa et al., 2005). The SF-36 GH 

dimension measures perceived physical health status by utilizing five items which assess whether 

SHRSOH�EHOLHYH�WKH\�DUH�µLQ�JRRG�KHDOWK��DUH�JHWWLQJ�VLFN�D�OLWWOH�HDVLHU�WKDQ�RWKHU�SHRSOH��DQG�DUH�

expectinJ�WKHLU�KHDOWK�WR�JHW�ZRUVH¶��:DUH���������)ROORZLQJ�WKH�GHYHORSHUV�RI�WKH�LQYHQWRU\��WKH�

SF-36 GH dimension was standardized to a T-score using the standard SF-36 scoring algorithms 

(Ware et al., 2004), ranging between 0 and 100, with higher values reflecting better-perceived 

physical health; indeed, this tool provides valid and reliable patterns (Ware, 2000).  

The 36-,WHP�6KRUW�)RUP�+HDOWK�6XUYH\¶V�0HQWDO�+HDOWK�GLPHQVLRQ��6)-36 MH), which has 

been validated in Greek contexts (Pappa et al., 2005; Anagnostopoulos et al., 2005), was utilized to 

assess perceived mental health status in the past four weeks (Ware et al., 1993; Ware et al., 1994; 

:DUH��������YLD�ILYH�LWHPV�ZKLFK�DVVHVV�ZKHWKHU�SHRSOH�EHOLHYH�WKDW�WKH\�µIHHO�KDSS\��FDOP��DQG�

SHDFHIXO¶��:DUH������). The SF-36 Mental Health dimension was standardized using the standard 

SF-36 scoring algorithms, with values between 0 and 100; higher scores reflect better-perceived 

mental health (Ware, 2004). 

 

3.3 Estimation strategy 

Since individuals who do not own a smartphone cannot use smartphone apps, the sample is 

restricted to smartphone owners (Drydakis, 2021a). This strategy aims to reduce selection issues 

related to the digital divide and physical and mental health outcomes (Drydakis, 2021a). It is 

indicated that, if people do not own a smartphone, this may be linked to key physical and mental 

health determinants, such as age, economic condition, and human and digital capital (Drydakis, 

2021a). 

Breusch-Pagan LM-tests and Hausman tests were conducted, finding that random effects 

rather than pooled and fixed effects models better fit the data (Morgan, 2013; Wooldridge, 2010). 

Apart from the usual coefficients, the study reports marginal effects, measuring the instantaneous 

rate of change (Morgan, 2013). The empirical specification evaluates the marginal effects at the 

mean of each continuous covariate (Wooldridge, 2010). The marginal effects of the dichotomic 

variables are calculated as the discrete change in the prediction equation as the covariate changes 

from 0 to 1 (Wooldridge, 2010).  
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 Four models are offered in both health-related measurements (SF-36 GH dimension, SF-36 

MH dimension). Model 1 captures the use of m-physical and m-mental health apps through two 

dummy variables. In addition, it captures time heterogeneity through a dummy variable controlling 

for 2020 (versus 2018±�������$GGLWLRQDO�YDULDEOHV�ZHUH�DGGHG�WR�0RGHO�,,��VXFK�DV�LQGLYLGXDOV¶�

gender, gender identity, and age. In addition, Model III contains information on higher education, 

unemployment, and inactivity status, while Model IV includes information on economic condition. 

A statistically significant positive m-physical and m-mental health apps estimate will indicate a 

positive association between m-physical and m-mental health apps and physical and mental health 

status. A negative 2020 time period estimate will indicate that, in 2020, individuals experienced 

deteriorated physical and mental health statuses compared to the 2018±2019 period. If the three 

covariates remain statistically significant in Models II, III, and IV, where more covariates are 

included, then these features might indicate that the empirical specification is not sensitive to some 

unobserved factors related to the use of mobile apps and time (Clarke, 2005). Multicollinearity tests 

were conducted to assess whether the simultaneous inclusion of the aforementioned variables was 

recommended (Belsley, 1991). 

To examine jointed patterns, new models are offered. The variables capturing the use of m-

physical and m-mental health apps are added to form a new variable that reflects jointed patterns. 

7KH�QHZ�YDULDEOH��HQWLWOHG�µ8VH�RI�P-physical and m-PHQWDO�KHDOWK�DSSV�¶�UDQJHV�IURP����QR�XVH�Rf 

m-physical and m-mental health apps) to 2 (use of both m-physical and m-mental health apps). The 

new variable captures critical patterns related to the simultaneous usage of m-health apps 

addressing the complexity and dimensions of mobile apps usage. Moreover, including the time 

period variable enables the estimation of an interaction effect between the use of m-physical and m-

mental health apps and time period (i.e., use of m-physical and m-PHQWDO�KHDOWK�DSSV�î������

period). The interaction effects enable examination of whether the use of m-physical and m-mental 

health apps is associated with better physical and mental health status in 2020 than in 2018±2019. A 

statistically significant positive interaction effect will indicate that the association between the use 

of m-physical and m-mental health apps and physical and mental health status was stronger in 2020 

than in 2018±2019. 

The study offers a robustness evaluation by presenting a variety of empirical specifications: 

pooled OLS and fixed effects estimates reporting robust standard errors. The study indicates that, 

given the longitudinal nature of the data, panel specifications shall be more appropriate than cross-

sectional specifications (Wooldridge, 2010), omitted factors may be correlated with key predictors 

in random effects models (Vaisey and Miles, 2017), and fixed effects models could remove omitted 

variable bias (Vaisey and Miles, 2017).  
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4. Descriptive statistics 

Table 1 offers the descriptive statistics, panel I presents information collected in 2018, panel 

II contains the data collected in 2019, and panel III displays the information collected in 2020, with 

the pooled data presented in panel IV. Regarding the pooled data, on average, 64.1% were men and 

91.4% were cis-gender, with a mean age of 33.3 years. In addition, 34.2% held a higher education 

degree and the unemployment rate was 26.9%.  

Moreover, 94.2% of the study participants were smartphone owners, 25.5% utilized m-

physical health apps, and 19.7% employed m-mental apps. In 2018, 18.7% reported using m-

physical health apps, increasing to 34.1% in 2020 (x2=55.0, p<0.01). In 2018, 12.9% were using m-

mental health apps, increasing to 27.8% in 2020 (x2=46.8, p<0.01).  

Furthermore, in 2018, the physical health (SF-36 GH) score was 67.0, decreasing to 65.8 in 

2020 (t=1.94, p<0.10). In 2018, the mental health (SF-36 MH) score was 68.3, decreasing to 66.7 in 

2020 (t=3.06, p<0.01). 

[Table 1] 

Table 2 presents a 4x4 correlation matrix, showing a positive correlation between the 

physical health (SF-36 GH) and the mental health (SF-36 MH) (r=0.88, p<0.01). There were 

positive correlations between m-physical health apps in use and physical health (SF-36 GH) 

(r=0.41, p<0.01), and mental health (SF-36 MH) (r=0.33, p<0.01), as well as between m-mental 

health apps in use and physical health (SF-36 GH) (r=0.33, p<0.01), and mental health (SF-36 MH) 

(r=0.32, p<0.01).  

[Table 2] 

 

5. Estimates 

5.1 Physical health: SF-36 GH 

Table 3 presents the physical health (SF-36 GH) estimates. In Model I, it is observed that m-

physical and m-mental health apps are associated with better physical health (5.256, p<0.01, or 

2.0%; and 1.880, p<0.10, or 0.5%, respectively). Given the outcomes, hypotheses 1i and 2i can be 

accepted. The difference between the two coefficients is statistically significant (x2=39.57, p<0.01). 

Moreover, the 2020 period is associated with deteriorated physical health compared to 2018 and 

2019 (-1.842, p<0.01, or -0.8%). 

[Table 3] 

In Model II, which includes information on sex, gender identity, and age, the magnitude of 

the m-physical health apps coefficient declines but is still statistically significant (5.191, p<0.01, or 

1.9%), while the m-mental health apps coefficient increases slightly (2.053, p<0.05, or 0.6%), with 

a statistically significant difference between the two coefficients (x2=43.26, p<0.10). Men 
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experience better physical health than do women (5.815, p<0.01, or 5.5%), while older people 

experience poorer physical health (-27.310, p<0.01, or -12.7%), and there is a deterioration in 

physical health in 2020 (-0.893, p<0.10, or -0.3%). 

In Model III, which includes additional information on higher education, unemployment, 

and inactivity status, the m-mental health apps coefficient becomes statistically insignificant (1.345, 

p>0.10 or 0.3%), with the estimates indicating positive associations between m-physical health apps 

and physical health (5.654, p<0.01, or 2.1%), men (4.691, p<0.01, or 4.5%), and higher education 

(2.010, p<0.10, or 1.0%). There are negative associations between physical health and age (-23.098, 

p<0.01 or -10.7%), unemployment (-7.410, p<0.01 or -2.9%), and the year 2020 (-0.924, p<0.10 or 

-0.4%). 

In Model IV, which includes information on economic condition, there is a positive 

association between m-physical health apps and physical health (5.773, p<0.01, or 2.2%), economic 

condition (3.910, p<0.01, or 16.5%), and men (3.534, p<0.01, or 3.3%), with negative associations 

between physical health and age (-18.778, p<0.01 or -8.7%), unemployment (-5.297, p<0.01 or -

2.1%), and the year 2020 (-1.061, p<0.05 or -0.4%)3. 

 

5.2 Mental health: SF-36 MH 

Table 4 presents the mental health (SF-36 MH) estimates. Model I shows that m-physical 

and m-mental health apps are associated with better mental health (4.341, p<0.01, or 1.6%; and 

3.098, p<0.01, or 0.9%, respectively). Hypotheses 1ii and 2ii can thus be accepted. The difference 

between the two coefficients is statistically significant (x2=43.22, p<0.01). Moreover, the 2020 

period is associated with a decline in mental health (-2.425, p<0.01, or -1.0%). 

By including socio-demographic information, Model II illustrates that m-physical and m- 

mental health apps are associated with better mental health (4.281, p<0.01, or 1.6%; and 3.268, 

p<0.01, or 0.9%, respectively). The difference between the two coefficients is statistically 

significant (x2=47.56, p<0.01). The 2020 period is associated with poorer mental health (-1.355, 

 
3 The estimates indicate that higher education and employment are associated with better health, 

suggesting that status characteristics should be linked to higher income and well-being. Relevant 

patterns, in relation to income and physical and mental health, are observed in the international 

literature (Drydakis, 2021e; 2015b; Kawachi and Beckman, 2000). Moreover, the estimates indicate 

that men and cis-gender people experience better physical health than do women and trans-gender 

people, similar to reports in the international literature (Drydakis, 2021d). Physical and mental 

health inequalities might be explained by factors such as higher unemployment, poverty, debt, and 

sex discrimination (Drydakis, 2015b; 2016a; 2020a). 
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p<0.01, or -0.5%). There are positive associations between mental health and men (6.684, p<0.01, 

or 6.3%), and cis-gender people (5.529, p<0.10, or 7.4%), with negative associations between 

mental health and age (-31.405, p<0.01, or -14.3%). 

Similarly, Model III continues to indicate that m-physical and m-mental health apps are 

associated with better mental health (4.474, p<0.01, or 1.6%; and 2.617, p<0.01, or 0.7%, 

respectively). The difference between the two coefficients is statistically significant (x2=43.76, 

p<0.01). The 2020 period is associated with poorer mental health (-1.275, p<0.01, or -0.5%). There 

are positive associations between mental health and men (5.550, p<0.01, or 5.2%), and cis-gender 

people (5.025, p<0.10, or 6.7%), with negative associations between mental health and age (-

29.340, p<0.01, or -13.4%), unemployment (-6.100, p<0.01 or -2.3%), and inactivity (-4.088, 

p<0.05, or -0.4%). 

[Table 4] 

In the full informative model i.e., Model IV, there are positive associations between m-

physical and m-mental health apps and mental health (4.651, p<0.01, or 1.7%; and 2.372, p<0.01, 

or 0.6%, respectively). The difference between the two coefficients is statistically significant 

(x2=46.45, p<0.01). There are positive associations between mental health and economic condition 

(3.415, p<0.01, or 14.2%), and men (4.422, p<0.01, or 4.1%), with negative associations between 

mental health and age (-25.551, p<0.01, or -11.6%), unemployment (-4.723, p<0.01 or -1.8%), 

inactivity (-3.804, p<0.05, or -0.3%), and the year 2020 (-1.387, p<0.01, or -0.5%). 

 

5.3 Jointed associations and interactions  

In Table 5, the m-physical and m-mental health apps variables are added to form a new 

variable that captures jointed patterns. In Model I, it is estimated that using both m-physical and m-

mental health apps is associated with better physical health (3.114, p<0.01, or 2.1%). Interacting the 

use of m-physical and m-mental health apps with the year 2020, the difference estimate indicates a 

statistically insignificant coefficient (1.079, p>0.10 or 0.2%). 

[Table 5] 

Model II shows that using both m-physical and m-mental health apps is associated with 

better mental health (1.729, p<0.01, or 1.1%). The interaction between the use of m-physical and m-

mental health apps and the year 2020 indicates a positive outcome (3.352, p<0.01, or 0.8%). The 

pattern suggests that the use of m-physical and m-mental health apps might be associated with 

increased mental health status in 2020 compared to 2018±2019. 

 

5.4 Robustness tests 
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Table 6 offers robustness specifications and reports robust standard errors. Models I±III 

present physical health (SF-36 GH) estimates. Model I offers random effects estimates, showing 

that m-physical health apps are associated with better physical health (5.773, p<0.01, or 2.2%). 

Model II presents pooled OLS estimates, showing that m-physical and m-mental health apps are 

associated with better physical health (8.609, p<0.01, or 3.3%; and 5.520, p<0.01, or 1.6%, 

respectively). Model III offers fixed effects estimates, illustrating that m-physical health apps are 

associated with better physical health (3.852, p<0.01, or 1.4%).  

[Table 6] 

Models IV±VI offer mental health (SF-36 MH) estimates. The random effects estimates in 

Model IV demonstrate that m-physical and m-mental health apps are associated with better mental 

health (4.651, p<0.01, or 1.7%; and 2.372, p<0.01, or 0.6%, respectively). Similarly, the pooled 

OLS estimates in Model V show that m-physical and m-mental health apps are associated with 

better mental health (6.486, p<0.01, or 2.4%; and 6.241, p<0.01, or 1.8%, respectively). Model VI 

offers the fixed effects estimates showing that m-physical health apps are associated with better 

mental health (3.907, p<0.01, or 1.4%). 

Taken together, the estimates in Table 6 suggest that the outcomes presented in Tables 3 and 

4 hold for the different empirical specifications.  

 

6. Discussion and conclusions  

����2XWFRPHV¶�HYDOXDWLRQ 

This study examined associations between m-physical and m-mental health apps in use and 

VH[XDO�PLQRULWLHV¶�SK\VLFDO�DQG�PHQWDO�KHDOWK�VWDWXV�LQ�*UHHFH��7KH�VWXG\�RIIHUHG�QHZ�LQVLJKWV�LQWR�

the subject matters, employing panel data sets for the period spanning 2018±2020. It was 

hypothesized that m-physical and m-mental health apps could enhance informational capabilities by 

encouraging sexual minorities to engage in more informed actions, associated with better physical 

and mental health status (Sen, 1985; 1999). M-health might provide an accessible venue 

information platform, creating a better PDWFK�EHWZHHQ�VH[XDO�PLQRULWLHV¶�QHHGV�DQG�EHWWHU�KHDOWK�

functioning (Drydakis, 2021a). M-KHDOWK¶V�LQVWDQWDQHRXV�LQIRUPDWLRQ�DFFHVV��DQG�GLUHFW�LQWHUDFWLRQV�

between the user and the health provider, may allow for faster transfer of valued information for 

aFWLRQ��WKXV�ERRVWLQJ�XVHUV¶�KHDOWK�OLWHUDF\�DQG�DOORZLQJ�WKHP�WR�DFKLHYH�DQ�XQGHUVWDQGLQJ�RI��DQG�

education on, health issues (Drydakis, 2021a). 

7KH�ODFN�RI�KHDOWKFDUH�SURYLGHUV¶�DZDUHQHVV�RI��DQG�VHQVLWLYLW\�WR��VH[XDO�PLQRULWLHV¶�QHHGV�

has been identified as a factor exaggerating health inequalities against the relevant community 

�0HDGV���������7KH�VWXG\¶V�RXWFRPHV�LQGLFDWHG�WKDW�VH[XDO�PLQRULWLHV�ZKR�XWLOL]H�P-physical and 

m-mental health apps experienced better physical and mental health, thus meaning that these apps 
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could be considered supporting mechanisms which make it possible to access health-related 

VHUYLFHV�ZKLFK�FDQ�ERRVW�XVHUV¶�DELOLW\�WR�DGGUHVV�KHDOWK�TXHVWLRQV��LVVXHV�DQG�FRQFHUQV�DQG�PDNH�

informed decisions (Drydakis, 2021a; Gigler, 2015; Zheng and Walsham, 2008; Alkire, 2005). The 

international literature has found that minority population groups might utilize m-health apps to 

reduce the stressors associated with having to interact with traditional health services in the 

presence of a stigmatizing condition (Aboueid et al., 2019, Amante et al., 2015; Hamine et al., 

2015; Carter et al., 2015). Hence, m-KHDOWK�PLJKW�SOD\�D�FULWLFDO�UROH�LQ�LQGLYLGXDOV¶�KHDOWK�

education, health and disease self-management, and health promotion (Wattanapisit et al., 2020; 

Dubov et al., 2021; Nie et al., 2020; Nelson et al., 2020; Bennion et al., 2019; Sharpe and Kamara, 

2018; Chandrashekar, 2018; Mosa et al., 2012; Lim et al., 2011). Especially, this might be the case 

in Greece, where homophobia is a profound factor when it comes to systematic exclusion and 

restrictions on access to good-quality healthcare for the sexual minority community (Giannou and 

Ioakimidis, 2020).  

The study found that, in 2020, sexual minorities experienced poorer physical and mental 

health compared to 2018±2019. In the general population, COVID-19 has brought about new 

physical and psychological health risks, isolation, and loneliness, as well as economic vulnerability 

(Pardhan and Drydakis, 2021; Bradbury-Jones and Isham, 2020). Moreover, marginalized 

communities, including sexual minorities, may have been disproportionally affected by the COVID-

19 pandemic in terms of deteriorated well-being (Phillips, 2021; Salerno et al., 2020), as they might 

have had to quarantine with often unaccepting or abusive families (Phillips, 2021). If that is the 

case, one might expect an increase in adverse experiences due to interactions with people who do 

QRW�DIILUP�VH[XDO�PLQRULWLHV¶�LGHQWLW\��ZKLFK�PLJKW�LQ�WXUQ�EH�DVVRFLDWHG�ZLWK�ORQJ-term 

consequences for their physical and mental health. International studies evaluated the adverse 

psychosocial effects of the COVID-19 pandemic on sexual minorities, indicating that these 

psychosocial impacts may exaggerate the existing vulnerability of this population, whose members 

have been subjected to the different effects of sexual and gender prejudice (Phillips, 2021; 

Barrientos et al., 2021; Fish et al., 2020; Gonzales et al., 2020). In Europe and South America, 

depression and anxiety were higher among younger sexual minorities, those not working, and those 

who reported feeling more emotionally affected by the pandemic, uncomfortable at home, or 

isolated from non-LGBTIQ+ friends (Drabble and Eliason, 2021).  

The study found that, in 2020, i.e., during the COVID-19 pandemic, the use of m-physical 

and m-mental health apps provided higher returns to good mental health than before the COVID-19 

pandemic (in 2018±2019). It might be the case that, during the COVID-19 period, when there was 

an increased need for physical and mental health information, disease prevention and management, 

utilization of m-health apps was more needed than before the COVID-19 pandemic. The present 
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study indicates that tracking health information during periods of increased uncertainty could be 

associated with enhanced extraction of health information, health prevention, disease management, 

and healthy coping strategies. During the COVID-19 pandemic, which saw lockdowns (designed to 

save lives) and schedules disrupted, as well as medical and psychological care curtailed, m-health 

apps might have provided useful health-related services. Indeed, a meta-review of 83 studies 

indicated that there was good evidence on the usability, safety, acceptance/satisfaction, and 

effectiveness of m-health apps to mitigate the negative impact of the COVID-19 pandemic on 

public mental health (Rauschenberg et al., 2021). During the pandemic, governments and tech 

companies developed m-health apps to keep the population informed and help manage the crisis 

(Rauschenberg et al., 2021; Torous and Keshavan, 2020; WHO, 2020). 

If m-health apps can alleviate depression symptoms, then their potential during periods of 

unprecedented stress should be considered (Rauschenberg et al., 2021; Nie et al., 2020; Firth et al., 

2017). The notion of an information society is converging with that of an inclusive society where 

access to, and use of, technology should be considered as a potential tool for fostering inclusive 

SROLFLHV�IRU�PLQRULWLHV¶�ZHOO-being and progression (Drydakis, 2021a). Apart from mobile 

opportunities, actions to reduce stigma and exclusions against sexual minorities in families, schools, 

workplaces, and services should be considered, which in turn could reduce the factors which 

QHJDWLYHO\�DIIHFW�VH[XDO�PLQRULWLHV¶�ZHOO-being and development (Bozani et al., 2020; Sidiropoulou, 

et al., 2020; Drydakis, 2019a). 

 

6.2 Limitations and future research 

7KH�VWXG\¶V�HVWLPDWHV�VKRXOG�QRW�EH�LQWHUSUHWHG�DV�UHSUHVHQWDWLYH�IRU�VHYHUDO�UHDVRQV��$�NH\�

weakness of this study is the small sample size. The sample size might impact on the generalization 

of the research outcomes. Moreover, the data collection was conducted in the capital city of Greece, 

and sexual orientation minorities might experience a higher level of homophobia in rural areas 

(Drydakis, 2012a). Moreover, in rural areas, the use of m-health technology might be less common, 

and so there is a need for future research on how regions moderate the use of m-health and health 

outcomes. 

The sample consisted of data collected during a period in which the country experienced a 

massive economic recession (Drydakis, 2015b; 2016a), and so the patterns might be different in 

better-developed economies; thus, further studies are needed to offer firm evaluations. Moreover, 

the data were collected from sexual minorities who participated in community gatherings and 

events, and so the physical and mental health profiles of those not participating in relevant events 

are unknown. Comparable concerns hold for the degree of sexual orientation openness. It might be 

the case that, at LGBTIQ+ events, closed LGB people might not participate and closed sexual 
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minorities might not experience social exclusions and discrimination, but rather stress related to 

sexual orientation concealment (Drydakis, 2015a). A future study assessing the physical and mental 

health status of sexual minorities based on an openness status and whether they utilize m-health 

should generate new insights. 

In this study, information on different sexual minority groups was not collected, and so a 

future study examining whether the main patterns hold for gays/lesbians, bisexuals, queers, 

questioning, pansexuals, and asexuals would be informative. Furthermore, heterosexuals were not 

recruited, and thus it would be interesting to assess whether m-health is more strongly (or weakly) 

DVVRFLDWHG�ZLWK�KHWHURVH[XDOV¶�SK\VLFDO�DQG�PHQWDO�KHDOWK�VWDWXV��+HDOWK�LQHTXDOLWLHV�LQ�UHODWLRQ�WR�

mobile technology might shed light on interesting patterns, as well as the interactions between 

VH[XDO�RULHQWDWLRQ�DQG�JHQGHU�LGHQWLW\��'U\GDNLV��������DQG�WUDQV�SHRSOH¶V�H[SHULHQFHV�FRPSDUHG�WR�

those of cis-gender people (Drydakis, 2016b; 2017a; b).  

The study did not gather information on certain health conditions and corresponding m-

health apps. A new systematic study should quantify the associations between (i) telemedicine and 

health outcomes, and (ii) telehealth and health outcomes (Weinstein et al., 2014). In the current 

study, information on the frequency and duration of the m-physical and m-mental health apps was 

not available. Future studies should collect such information to evaluate further dimensions of m-

health apps usage. 

Although the study utilized panel data, the assigned patterns should not be treated as causal 

effects but as associations. In the literature, it is difficult to minimize and exclude endogenous 

relationships between better physical and mental health status and usage of information and 

communication technologies (Drydakis, 2021a). Similarly, information in relation to personality 

characteristics, history of victimization, and chronic health conditions was missing (Sidiropoulou et 

al., 2020; Drydakis, 2019b; Drydakis et al., 2018); thus, a future study should collect critical 

information for better-informed evaluations. Moreover, the role of the digital divide (Drydakis, 

2022b) within sexual minorities and its impact on m-health utilization shall inform new studies.  

 

6.3 Conclusions 

The present study found associations between the use of m-physical and m-mental health 

apps and good physical and mental health status for sexual minorities in Greece, during the period 

spanning 2018-2020. The outcomes indicated that the association between the use of m-physical 

and m-mental health apps and good mental health status was stronger during the COVID-19 

pandemic than before. The study suggested that, if m-health apps can alleviate adverse physical and 

mental health symptoms for sexual minorities, their potential should be considered. 
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Table 1. Descriptive statistics.  
 Panel I: 2018 Panel II: 2019 Panel III: 2020 Panel IV: 2018-2020 

 
Men (percent) 
 

65.02 (0.47) 66.31 (0.47) 60.60 (0.49) 64.17 (0.47) 

Cis-gender (percent) 
 

91.92 (0.27) 91.44 (0.28) 90.90 (0.28) 91.47 (0.27) 

Age (c.) 
 

32.50 (10.01) 33.19 (9.79) 34.58 (9.91) 33.32 (9.93) 

Higher education (percent) 32.73 (0.47) 
 

34.22 (0.47) 36.36 (0.48) 34.26 (0.47) 

Unemployed (percent) 26.90 (0.44) 25.66 (0.43) 
 

28.48 (0.45) 26.95 (0.44) 

Inactive (percent) 7.62 (0.26) 
 

6.41 (0.24) 5.45 (0.22) 6.60 (0.24) 

Economic condition (c.) 2.76 (1.09) 2.83 (1.02) 
 

2.82 (0.90) 2.80 (1.01) 

Smartphone owners (percent) 93.27 (0.25) 94.11 (0.23) 95.75 (0.20) 
 

94.26 (0.23) 

Use of m-physical health apps 
(percent) 

18.75 (0.39) 25.98 (0.43) 34.17 (0.47) 
 

25.59 (0.43) 

Use of m-mental health apps 
(percent) 
 

12.98 (0.33) 20.33 (0.40) 27.84 (0.44) 
 

19.70 (0.39) 

Physical health status;  
SF-36 GH (c.) 
 

67.01 (14.90) 
 

66.36 (12.62) 65.87 (13.68) 66.47 (13.83) 

Mental health status;  
SF-36 MH (c.) 
 

68.37 (15.67) 68.04 (14.01) 66.74 (14.17) 
 

67.80 (14.71) 

Observations 223 187 165 575 
Notes. (c.) Continuous variable. Standard deviations are in the parenthesis.  
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Table 2. Correlation matrix 
 Physical 

health status;  
SF-36 GH 

Mental health 
status;  
SF-36 MH 

m-physical 
health apps 

m-mental 
health apps 

Physical 
health status;  
SF-36 GH 
 

1    

Mental  
health status;  
SF-36 MH 
 

0.88* 1   

m-physical health apps  
 

0.41* 0.33* 1  

m-mental health apps 0.33* 0.32* 0.21* 1 
Notes. Obs.=541. Periods: 2018-2020. The sample is restricted to smartphone owners. (*) 
Statistically significant at the 1percent.   
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Table 3. Random effects physical health (SF-36 GH) estimates 
 Model I Model II 

 
Modell III 
 

Model IV 
 

Use of m-physical health apps 
 

5.256 (0.958)* 5.191  (0.918)* 5.654  (0.894)* 5.773  (0.860)* 

Use of m-mental health apps 
 

1.880 (1.018)*** 2.053 (0.977)** 1.345 (0.970) 1.145 (0.937) 

2020 period 
 

-1.842 (0.467)* -0.893 (0.474)*** -0.924 (0.475)*** -1.061 (0.464)** 

Men  
 

- 5.815 (1.542)* 4.691 (1.380)* 3.534 (1.285)* 

Cis-gender 
 

- 4.219 (2.794) 2.767 (2.482) 1.980 (2.295) 

Age 
 

- -27.310 (3.560)* -23.098 (3.247)* -18.778 (3.059)* 

Higher education 
 

- - 2.010 (1.077)*** 1.606 (1.020) 

Unemployed  
 

- - -7.410 (0.992)* -5.297 (1.007)* 

Inactive 
 

- - -0.777 (2.031) -0.089 (1.923) 

Economic condition 
 

- - - 3.910 (0.544)* 

Wald 43.98 142.51 238.93 330.38 
Prob>x2 0.000 0.000 0.000  0.000 
Notes. Obs=541. Periods: 2018-2020. The sample is restricted to smartphone owners. Standard errors are in parentheses. (*) 
Statistically significant at the 1 percent. (**) Statistically significant at the 5 percent. (***) Statistically significant at the 10 
percent.  
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Table 4. Random effect mental health (SF-36 MH) estimates 
 Model I Model II 

 
Modell III 
 

Model IV 
 

Use of m-physical health apps 
 

4.341 (0.893)* 4.281 (0.858)* 4.474 (0.851)* 4.651 (0.830)* 

Use of m-mental health apps 
 

3.098 (0.944)* 3.268 (0.909)* 2.617 (0.917)* 2.372 (0.897)* 

2020 period 
 

-2.425 (0.421)* -1.355 (0.433)* -1.275 (0.437)* -1.387 (0.429)* 

Men  
 

- 6.684 (1.678)* 5.550 (1.536)* 4.422 (1.462)* 

Cis-gender 
 

- 5.529 (3.042)*** 5.025 (2.770)*** 4.269 (2.618) 

Age 
 

- -31.405 (3.843)* -29.340 (3.579)* -25.551 (3.437)* 

Higher education 
 

- - -0.288 (1.091) -0.513 (1.053) 

Unemployed  
 

- - -6.100 (0.957)* -4.723 (0.965)* 

Inactive 
 

- - -4.088 (2.056)** -3.804 (1.982)** 

Economic condition 
 

- - - 3.415 (0.544)* 

Wald 57 167.93 237.46 300.78 
Prob>x2 0.000 0.000 0.000  0.000 
Notes. Obs=541. Periods: 2018-2020. The sample is restricted to smartphone owners. Standard errors are in parentheses. (*) 
Statistically significant at the 1 percent. (**) Statistically significant at the 5 percent. (***) Statistically significant at the 10 
percent. 
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Table 5. Random effects physical health (SF-36 GH) and mental health (SF-36 MH) estimates  
 Panel I 

Physical health;  
SF-36 GH 

Panel II 
Mental health;  
SF-36 MH 

Use of m-physical and m-mental health apps 
 

3.114 (0.673)* 1.729 (0.617)* 

2020 period 
 

-1.621 (0.583)* -3.062 (0.510)* 

Use of m-physical and m-mental health apps 
x 2020 period 
 

1.079 (0.679) 3.352 (0.590)* 

Men  
 

3.570 (1.278)* 4.430 (1.438)* 

Cis-gender 
 

2.163 (2.281) 4.305 (2.576)*** 

Age 
 

-18.749 (3.048)* -24.899 (3.381)* 

Higher education 
 

1.400 (1.021) -0.635 (1.027) 

Unemployed  
 

-4.942 (1.015)* -4.294 (0.934)* 

Inactive 
 

0.591 (1.932) -3.066 (1.937) 

Economic condition 
 

4.047 (0.555)* 3.912 (0.549)* 

Wald 325.25 341.13 
Prob>x2 0.000 0.000 
Notes. Obs=541. Periods: 2018-2020. The sample is restricted to smartphone owners. Standard errors are in 
parentheses. (*) Statistically significant at the 1 percent. (***) Statistically significant at the 10 percent. 
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Table 6. Robustness test. Physical health (SF-36 GH) and mental health (SF-36 MH) estimates 
 Physical health; SF-36 GH Mental health; SF-36 MH 

 
 Model I 

Random effects  
Model II 
Pooled OLS  

Model III 
Fixed effects  

Model IV 
Random effects 

Model V 
Pooled OLS  

Model VI 
Fixed effects  

Use of m-physical health apps 
 

5.773 (0.994)* 8.609 (0.912)* 3.852 (1.098)* 4.651 (0.954)* 6.486 (0.966)* 3.907 (1.003)* 

Use of m-mental health apps 
 

1.145 (1.085) 5.520 (1.033)* -0.618 (1.116) 2.372 (0.909)* 6.241 (0.946)* 1.458 (0.953) 

2020 period 
 

-1.061 (0.413)* -1.955 (0.856)** 0.970 (0.650) -1.387 (0.449)* -2.288 (0.889)** -0.237 (0.544) 

Wald 458.99 - - 431.47 - - 
Prob>x2 0.000 - - 0.000 - - 
F - 111.24 4.05 - 97.17 8.40 
Prob>F - 0.000 0.000 - 0.000 0.000 
Notes. Obs=541. Periods: 2018-2020. The sample is restricted to smartphone owners. Models I, II, IV and V control for gender, gender identity, age, higher education, 
employment status, and economic condition. Robust standard errors are in parentheses. (*) Statistically significant at the 1 percent. (**) Statistically significant at the 5 
percent. 
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