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Abstract. The use of Information Communication Technologies (ICT) in old age has 

been increasing over time. This trend might have been accelerated by the COVID-19 

pandemic, which prompted older people to start using digital tools to stay connected 

with their loved ones and tackle isolation. Similarly, ICT use might have positive 

effects on vaccination rates and recovery from COVID-19 due to, respectively, access 

to information on vaccines and e-health services that may accelerate the recovery 

process. However, while it seems reasonable to assume that the use of ICT may 

improve access to information regarding the COVID-19 vaccination campaigns and 

ways to avoid SARS‑CoV‑2 contagion or access to medical support for a faster 

recovery, to the best of our knowledge, little is known about the effects of ICT use on 

the SARS‑CoV‑2 infection figures, vaccination and recovery rates. To explore these 

dimensions, we use data from a cohort study of older people aged 82-87 years, residing 

in Abbiategrasso, a municipality in northern Italy. The data used in this study were 

collected between 2018 and 2022. While ICT use seems not predictive of fewer 

infections and higher recovery rates, we found that computer use positively predicted 

the number of vaccine doses that respondents agreed to undertake. However, Internet 

use predicted late vaccination. In short, it seems that using the Internet in old age 

predicts a slowness in vaccinating against COVID-19. The latter result enriches the 

current knowledge on the side effects of Internet access, which have not been 

thoroughly assessed in older adults. Moreover, this result stimulates discussion on the 

possible role of online misinformation and fake news surrounding vaccination 

campaigns. 
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1 Introduction 

ICT use has soared within the old age population in the last few years [1]. The 

COVID-19 pandemic might have boosted ICT acceptance by older adults, 

who started or kept using digital technologies to get in touch with family and 

friends.       

In this regard, scientific research has focused on the effects of ICT use on 

maintaining or strengthening social connections during the pandemic [2], [3]. 

Indeed, studies on this topic have mainly considered ICT use to address the 

pandemic’s social consequences, such as isolation.       



Conversely, the possible effects of ICT use on limiting the spread of SARS-

CoV-2 through the provision of information on how to access vaccination 

programmes and access to e-health, among the old age population, have been 

mostly overlooked. Still, some studies that explored not COVID-19-related 

conditions but other aspects of older adults’ health showed that access to e-

health is positively related to healthy behaviours [4], communication with 

healthcare professionals [5] and recovery after surgical operations [6]. This 

issue is particularly urgent when considering the oldest old population, as      

this age group proved to be particularly vulnerable to the symptoms 

originating from SARS-CoV-2 infection [7]. Even more so, this was valid for 

regions where the mortality rate of the old population following SARS-CoV-

2 infection has been remarkably high. This was the case in the region of 

Lombardy, in northern Italy [8].       

 The vaccination campaign in Italy started in December 2020, when the 

vaccine was first administered to social and health workers and people who 

lived in nursing homes. In Lombardy the vaccination campaign was extended 

to people aged 80 years or older and fragile patients only in mid-February 

2021 (approximately 10 days later than other Italian regions, such as Lazio) 

[9]. Older people could book their vaccine through the portal AIRA; due to 

faults in the online booking system the portal was subsequently replaced (in 

April) with a different portal (run by the national mail service and adopted in 

the rest of the country). While online reservation remained the most 

straightforward booking system for most of the population, this method may 

not have been easy to access to less digitally savvy older people – the 

challenges associated with accessing online booking by the old age population 

and the malfunctioning of the ARIA system, generate capacity constraints on 

other booking methods, such as telephone booking. As a matter of fact, in 

Lombardy, vaccinations in the age group 80-89 started picking up only around 

March and peaked in mid-April [10]. In comparison with other countries, in 

Italy fewer than 1.4 million doses were administered to the population aged 

80+ by March 10th 2020, while in the United Kingdom over 2.6 million people 

over the age of 80 were vaccinated by the same week [11], [12].      

Taking into account the above, this study seeks to explore the effects of ICT 

use on SARS-CoV-2 infections and vaccination and recovery rates from 

COVID-19 in Abbiategrasso, a suburban municipality of approximately 

30,000 inhabitants in the outskirts of Milan, in Lombardy. Particularly, we 

expected that ICT use would reduce, through information campaigns, the 

frequency of risky behaviours that, in turn, would increase the chances of 

getting infected by SARS‑CoV‑2. Accordingly, we hypothesised that the use 

of digital technologies would accelerate the administration of vaccine doses 

against COVID-19. In addition, we assumed that ICT use in older adults may 

be helpful to accelerate the recovery process by providing those aids that are 

needed during convalescence.                          

2 Literature review 

The literature on the effects of ICT use on the readiness to vaccinate against 

COVID-19 in older adults is somewhat scarce. Previous research on this topic 

has explored the influence of ICT use on vaccination rates, but disregarded the 

vaccination timing (i.e. early/late vaccination). Particularly, it seems that older 

adults who rely on the Internet, social media, and family/friends as the main 

sources of information express weaker intentions to vaccinate against COVID-

19 [13]. Indeed, little is known about the effects of digital technologies on 

earlier/late vaccination in the general population, not to mention in older age. 

However, this topic is worth exploring, given the strong increase of ICT use 



in the oldest population, the importance of earlier vaccination to mitigate the 

symptoms of COVID-19, and the role of digital technologies during the 

pandemic. 

In this regard, the role of ICT in speeding up the vaccination process or, on 

the contrary, slowing it down through misinformation should be examined. As 

a matter of fact, evidence exists on how ICT users can be swayed by online 

misinformation concerning COVID-19 and underestimate the extent to which 

they are affected by fake news [14]. Yet, it is still to be confirmed whether 

such or similar effects hold for the older population. Preliminary evidence 

showed that older adults seem sceptical about the accuracy of online content 

regarding COVID-19 prevention and treatment [15]. Nonetheless, such 

evidence came from research on participants who were, on average, relatively 

young (mean age equalled 60 years), even if considered “older adults”. In light 

of the above, to the best of our knowledge, this is the first study on the impact 

of using different digital technologies on the rates of vaccination against 

COVID-19 in people around and over eighty and late vaccination. Previous 

research was conducted on interventions via specific modalities, such as 

dialogue-based interventions (dialogue with people that are vaccine hesitant 

in order to increase the vaccination administration), to help older people 

overcome the barriers to vaccinating against COVID-19 [16]. Moreover, 

existing research explored the gender differences in the readiness to be 

vaccinated against COVID-19 [17]. Generally, ICT use seems to be associated 

health practices and higher vaccination rates. However, it is still unclear 

whether these effects are causal (i.e. whether ICT use fosters virtuous 

practices). 

Another dimension that, to the best of our knowledge, has been unexplored 

concerns the potential effects of ICT use to reduce SARS-CoV-2 infections. 

Indeed, also in this case, no quantitative studies to date seem to have explored 

this specific effect in the general population, not counting older adults. There 

seems to be only qualitative investigation on this topic [18]. However, 

measuring the relationship between these two variables can shed light on the 

benefits of digital technologies in communicating risk-avoiding behaviours 

related to the spread of the virus. Certainly, previous studies have shown that 

ICT use in older adults is associated with healthy conduct [19]. Empirical 

evidence is needed to assess whether ICT use also reduces the chances of risky 

behaviours related to infectious diseases in old age and, consequently, the 

chances of getting ill. 

Similarly, there is a lack of research on the assessment of the effects of ICT 

use on the recovery of those suffering from COVID-19. A large part of the 

existing research has been conducted to explore the use of telehealth as a major 

issue during the pandemic [20], [21]. Following this stream of research, 

studying the impact of ICT use on COVID-19 patients’ convalescence would 

enrich the literature on the topic. In fact, studies have started to be published 

on digital tools that help people with long COVID symptoms to recover [22]. 

However, as a particularly vulnerable group, more research is needed on short-

term effects in older adults. 

As a whole, it appears that most of the existing academic efforts have been 

made to study the use of digital technologies to curb the effects of social 

isolation during the COVID-19 pandemic. Limited evidence has been 

provided when considering the impact of ICT use on vaccinating against 

COVID-19. Nonetheless, it is crucial to assess the influence of ICT use on the 

health-related behaviours of older adults. Indeed, if proven successful, the use 



of digital technologies could be further encouraged, and ad hoc protocols 

could be developed. 

3 Hypotheses 

Considering the above, this study aims to assess whether higher levels of ICT 

use are associated with a higher number of COVID-19 vaccine doses. In 

particular, we expected that access to digital resources fosters healthy 

behaviours and promotes the adoption of measures to mitigate – through 

vaccination – the risk of suffering from severe COVID-19 symptoms. 

Consequently, we hypothesised that ICT use counteracts late vaccination by 

making older people aware of the importance of vaccinating quickly. In 

addition, we assumed that ICT use helps reduce the incidence of COVID-19 

infections by providing people with information on the critical conditions they 

might face if they are infected. Lastly, we hypothesised that ICT use promotes 

better long-term health by aiding people in the recovery process through 

digital tools. 

Accordingly, we considered the following hypotheses: 

(H1) Pre-pandemic ICT use predicts more COVID-19 vaccine doses taken. 

(H2) Pre-pandemic ICT use negatively predicts late vaccination. 

(H3) Pre-pandemic ICT use predicts lower levels of COVID-19 infections. 

(H4) Pre-pandemic ICT use predicts higher recovery rates. 

4 Methods 

The data were collected as part of a population-based cohort study, InveCe.Ab 

[Brain ageing in Abbiategrasso] [23], aimed to investigate the effects of 

ageing on physical and cognitive health. Moreover, it was meant to assess the 

biological and psychosocial factors associated with the onset of dementia. The 

eligible population for the InveCe.Ab study consisted of individuals born 

between 1935 and 1939 and residing in Abbiategrasso on the prevalence day 

(Nov, 1st 2009) and willing to undergo baseline multidimensional assessment 

(in 2010). Enrolled participants were then invited to 4 follow-up assessments 

in 2012, 2014, 2018 and 2022. For the aim of the present study, we considered 

data collected during the 2018 and 2022 waves. The multidimensional 

assessment comprised a questionnaire on social and lifestyle variables, a 

medical visit, a neuropsychological evaluation, and the collection of 

anthropometric measures and blood samples.       

4.1       Participants 

     One thousand three hundred twenty-one people originally took part in 

InveCe.Ab baseline assessment [23]. In the present study, we included those 

who took part in the 2018 and 2022 waves, who did not have a diagnosis of 

dementia and who completed the full version of the questionnaire on social 

variables (N = 393). 57.3% of participants were female, with an average age 

of M = 84.30, SD = 1.36. The level of education equalled 7.41 years, SD = 

3.35. 

A power analysis was conducted with G*Power, version 3.1.9.7 [24] to assess 

the minimum sample size for the model used for the analysis. The effect size 

was set at f2 = 0.05, with a significance criterion of a = 0.05 and power = 0.80. 

The minimum sample size was 126. Therefore, our sample size is deemed to 

be      adequate for the purpose of this study. 



4.2      Measures 

4.2.1 ICT use 

In each evaluation wave, the use of ICT was explored with close-ended 

questions (“Yes”, “No”, and “I don’t know”) during the social and lifestyle 

questionnaire. Since we were interested in assessing the impact of pre-

pandemic ICT use on COVID-19-related variables, we used the information 

on ICT use collected at baseline in 2018. Participants’ use of mobile phones 

was assessed by asking: “Do you use a mobile phone?”. If the participants had 

responded “Yes” to the question asking whether they used a mobile phone, 

they were asked, “Is it a smartphone?”. The usage of computers was 

investigated by asking: “Do you use a computer?”. Similarly, Internet use was 

explored with the following question: “Do you use the Internet?”. Participants 

were then asked to state whether they used social media by responding to this 

question: “Do you use social media sites? (e.g., Facebook)”.  

4.2.2 COVID-19-related variables 

In 2022 during the medical visit performed by a geriatrician or by a 

neurologist, participants were asked whether they had received a diagnosis of 

COVID-19 infection. The possible responses were “Yes”, “No”, and “I don’t 

know”. Participants were then asked whether they had completely recovered 

from COVID-19. Response categories were: “Yes”, “No”, and “I don’t 

know”. In addition, data were collected on the number of doses of the COVID-

19 vaccine administered to the respondent. A derived variable on late 

vaccination against COVID-19 was calculated as the difference between the 

maximum number of doses that a person (in that specific age group) could 

have received at the moment in time when data were collected and the number 

of doses actually administered.  

4.2.3 Socio-demographic variables 

Further information included age, gender and education. 

      

5      Statistical Analysis 

Analysis was conducted using R [25], RStudio [26], the tidyverse [27], lme4 

[28], lmerTest [29], performance [30], ggplot2 [31], sjplot [32], sjmisc [33] 

and sjlabelled [34] packages. 

We ran a series of multiple linear regression models to test our hypotheses. 

We calculated the Variance Inflation Factor (VIF) to check for 

multicollinearity. Although no standard cut-off has ever been set, according to 

previous research, the values ranging from 5 to 10 may legitimately serve as 

a cut-off reference [35]. All our models showed values well below 5. 

Therefore, we can conclude that multicollinearity was not a concern in our 

data. 

 

6      Results 

     Descriptive statistics of the study sample are reported in Table 1. Age, 

gender ratio and education were comparable with existing studies on ICT use 

in older people. 

Table 1. Descriptive characteristics of this study’s sample (N = 393) 



  

Variables Study sample 

N = 393 

Sociodemographic Characteristics 

Age 

Gender, female 

Education 

  

84.30 ± 1.36 

225 (57.3%) 

7.41 ± 3.35 

ICT use 

Mobile phone 

Smartphone 

Computer 

Internet 

Social media 

  

341 (86.8%) 

104 (26.5 %) 

84 (21.4 %) 

87 (22.1 %) 

36 (9.2 %) 

Vaccination against COVID-19 

Vaccine doses (Range 2-5) 

Late vaccination: 0 

Late vaccination: 1 

Late vaccination: 2 

Late vaccination: 3 

 

 

3.35 ± 0.56 

118 (30%) 

222 (56.5%) 

38 (9.7%) 

1 (0.3%) 

COVID-19-related variables 

Diagnosed with COVID-19 

Recovered from COVID-19 

 

 

 90 (22.9%) 

70 (17.8%) 

 

     Firstly, we considered the number of COVID-19 vaccine doses as the 

dependent variable. The abovementioned ICT use variables were entered as 

predictors, and the socio-demographic variables as covariates. The results 

showed that the predictors explained 5.7% of the variance in COVID-19 

vaccine doses, F(8, 335) = 3.57, p <0.001. Among all the predictors in this 

model, computer use significantly predicted the number of COVID-19 vaccine 

doses. Results are shown in Table 2. 

     Table 2. Linear multiple regression models for COVID-19 vaccine doses 

 

         

Predictors 
Estima

tes 

std. 

Err

or 

std. Beta 
standardize

d std. Error 
CI 

standardized 

CI 

Statist

ic 
p 

(Intercept) 11.45 1.85 -0.00 0.05 7.81 – 15.09 -0.10 – 0.10 6.19 <0.001 

Mobile phone 0.19 0.13 0.08 0.05 -0.06 – 0.45 -0.03 – 0.19 1.50 0.135 

Smartphone -0.00 0.08 -0.00 0.06 -0.16 – 0.15 -0.13 – 0.13 -0.02 0.987 

Computer 0.25 0.12 0.19 0.09 0.01 – 0.49 0.01 – 0.37 2.05 0.041 

Internet -0.25 0.13 -0.19 0.10 -0.51 – 0.01 -0.39 – 0.01 -1.89 0.060 

Social media -0.12 0.12 -0.06 0.06 -0.35 – 0.11 -0.19 – 0.06 -1.00 0.317 

Gender 0.03 0.06 0.02 0.06 -0.09 – 0.15 -0.08 – 0.13 0.44 0.657 

Age -0.10 0.02 -0.24 0.05 -0.14 – -0.06 -0.35 – -0.14 -4.55 <0.001 



Education 0.00 0.01 0.02 0.06 -0.02 – 0.02 -0.11 – 0.14 0.24 0.813 

Observations 344 

R2 / R2 

adjusted 

0.079 / 0.057 

 

We ran a model with late vaccination as the dependent variable to explore this 

result further. Computer and Internet use were entered as predictors, and the 

covariates were the same as in the previous model. The results highlighted that 

the predictors explained 1.7% of the variance in late vaccination, F(5, 349) = 

2.26, p = 0.048. Internet use significantly predicted late vaccination. Results 

are presented in Table 3. 

     Table 3. Linear multiple regression model for late vaccination  

         

Predictors 
Estimate

s 

std. 

Erro

r 

std. 

Beta 

standardized 

std. Error 
CI 

standardized  

CI 
Statistic p 

(Intercept) 5.58 1.99 -0.00 0.05 1.67 – 9.49 -0.10 – 0.10 2.81 0.005 

Computer -0.17 0.13 -0.12 0.09 -0.43 – 0.09 -0.30 – 0.06 -1.29 0.197 

Internet 0.26 0.13 0.18 0.09 0.00 – 0.52 0.00 – 0.37 2.00 0.047 

Gender 0.01 0.07 0.01 0.06 -0.12 – 0.15 -0.10 – 0.12 0.17 0.862 

Age -0.06 0.02 -0.13 0.05 -0.10 – -0.01 -0.23 – -0.02 -2.39 0.017 

Education -0.01 0.01 -0.07 0.06 -0.04 – 0.01 -0.19 – 0.05 -1.14 0.256 

Observations 355 

R2 / R2 

adjusted 

0.031 / 0.017 

 

Crosstabulations were calculated by entering computer and Internet use to 

check for concurrent or independent use of these two technologies. The results 

showed that 73 people used both computers and the Internet, 11 people used 

only computers, 14 used only the Internet, and 272 used neither computers nor 

the Internet. 

A logistic regression model (not shown) was used to assess the effects of ICT 

use on SARS-CoV-2 infections. All the ICT use variables mentioned above 

were entered as predictors, and COVID-19 diagnosis as the dependent 

variable. The covariates were the same as above. Results highlighted the lack 

of statistical significance of this model, X2(8) = 12.36, p = 0.136. 

Another logistic regression model (also not shown) was run to explore the 

effects of ICT use on recovery from COVID-19. Also in this case, all the ICT 

use variables mentioned above were entered as predictors, and the covariates 

were the same. Recovery from COVID-19 was entered as the dependent 

variable. Still, this model proved to be not statistically significant, X2(8) = 

1.90, p = 0.984. 

 



7 Discussion 

This work aimed to explore the effects of ICT use on vaccinating against 

COVID-19, SARS-CoV-2 infections and recovery from COVID-19 in a 

sample of older adults living in Abbiategrasso, a municipality near Milan, 

Italy. 

We hypothesised that pre-pandemic ICT use would predict higher awareness 

of the availability of vaccination doses and health-related benefits of 

vaccination, hence, ultimately a higher number of COVID-19 vaccine doses 

administered (H1). Indeed, we expected that access to digital technologies 

would foster behaviours aimed at preserving health, such as vaccinating 

against COVID-19. Results partially supported this hypothesis. Indeed, we 

found that computer use predicted a higher number of vaccination doses. This 

result is in line with the existing evidence on the effects of ICT use on 

vaccination rates in older adults [36], [37]. The other forms of ICT proved not 

predictive of more vaccine doses taken. 

The abovementioned result was further explored by entering computer and 

Internet use as predictors in the second model. We expected these dimensions 

would negatively predict a late vaccination rate (H2). Indeed, we assumed that 

those who use the computer and the Internet would vaccinate more promptly 

thanks to higher access to information on the importance of early vaccination. 

The results did not corroborate this hypothesis. On the contrary, Internet use 

seemed to predict a delayed vaccination rate. This unexpected result would 

pave the way for reflection and further research. Indeed, if confirmed by 

additional evidence, it would suggest a possible role of misinformation and 

fake news surrounding vaccination campaigns affecting older Internet users’ 

decision to vaccinate. In this regard, previous research demonstrated that 

Internet users are more at risk of being misled when making decisions on 

health-related issues [38], [39]. Still, little is known about whether this effect 

holds for older people’s decision to vaccinate against COVID-19. 

Interestingly, the observed effect was not corroborated by computer use. In 

fact, as mentioned above, computer use predicted a higher number of vaccine 

doses. These results seem to go exactly in the opposite direction. It is worth 

noting that the effects of computer and Internet use were independent and 

controlled for age, gender and education. Regarding the different uses of 

computers and the Internet, previous research found that word processing is 

by far the most common activity of computer users, (and is more frequent than 

Internet use). Among Internet users, information seeking and e-mail exchange 

is common [40]. Further research is needed      to disentangle the specific 

impact of online activities on older adults’ intention to vaccinate.  

This study also sought to elucidate the relationship between ICT use and 

COVID-19 infections in older adults. Out of the entire sample, 90 people were 

diagnosed with COVID-19 (22.9%). We expected that ICT use would predict 

fewer infections (H3). Indeed, we assumed that ICT use would increase older 

people awareness of the risks they would face if infected, thus contributing to 

lowering infection rates. This hypothesis was in line with the results in the 

existing literature on the effects of the use of digital technologies and e-health 

literacy on health-related behaviour in older adults [41], [42]. However, we 

found no significant effect of ICT use on COVID-19 infections. This result 

might be partly due to the reduced mobility of the participants in this study 

and, consequently, the reduced chances of getting infected. Further research 

is needed to explore the relationship between ICT use and COVID-19 

infections in older adults with a lower mean age. 



Lastly, we hypothesised that ICT use would predict higher recovery rates in 

those older adults who had been infected by SARS-CoV-2 (H4). This effect 

would reflect the existing evidence on the topic [43], albeit limited. We 

assumed that those who use ICTs would exploit digital tools to speed up the 

recovery process (through online access to medical information or access to 

telemedicine). Even in this case, no statistically significant effect was found. 

This result might be partly due to the relatively low number of infected people 

in our sample who, therefore, responded to the question on recovery from 

COVID-19. 

8 Strengths and limitations 

This work has several strengths that ought to be pointed out. Firstly, the study 

used data from a longitudinal cohort, thus allowing to investigate 

prospectively the impact of pre-pandemic ICT use on COVID-19 related 

outcomes. This aspect was crucial to assess the influence of pre-pandemic use 

of digital technologies (rather than relying on post-pandemic data). In a cross-

sectional design, the latter could be biased by the heightened usage of ICT to 

curb social isolation following the most acute phases of the COVID-19 

pandemic. 

In addition, the participants in this study belonged to a particular age range:      

82-87 years. Therefore, we could be confident enough to exclude the great 

inter-age group variability that previous research discovered when studying 

the frequency of ICT use [44]. Similarly, the data were collected from 

participants residing in a specific geographical area. Hence, we could exclude 

the influence of inter-regional differences that might impact the frequency of 

digital tools usage [45].  

This study has some limitations as well. First, the specific age bracket 

mentioned above could be considered a limitation. Indeed, ICT use among 

people aged 80 years or older is, on average, substantially lower than in other 

age groups [46]. Hence, the results are hardly generalisable to other age 

groups.  

Another limitation relates to the way ICT use was measured. Indeed, this 

construct was assessed only with dichotomous variables corresponding to the 

use/lack of      use of five digital tools (i.e., computer, Internet, social media, 

mobile phone, and smartphone). Therefore, we did not assess dimensions such 

as frequency of use, digital skills, typologies of usages (e.g. socialisation, 

purchase of goods, access to services), or conditions under which these 

technologies were utilised. 

Lastly, the research design chosen for this research is not experimental. 

Consequently, we were not able to draw causal inferences. 

9 Conclusions and future directions 

Overall, the research presented in this paper fits into the literature on the 

impact of ICT use in older adults’ lives. Unlike most of the existing literature 

on the topic, this study did not focus on the effects of ICT use on social 

relationships but on COVID-19 infections, vaccinations, and recovery. 

Unexpectedly, we found that the more older adults used the Internet, the 

slower they were in vaccinating against COVID-19. This result might stem 

from the possible role played by misinformation that previous research on 

Internet users’ behaviours highlighted [47]. 



In light of the results and limitations of this study, more research is needed to 

disentangle the effects of ICT use on SARS-CoV-2 infections and the decision 

to vaccinate against COVID-19. Future research may use more refined and 

extensive measurements of ICT use in older adults that could capture a broader 

picture on this topic. Furthermore, studying more diverse cohorts could lead 

to a deeper understanding of this area of investigation. Thus, the 

intergenerational digital divide that previous research highlighted could be 

further assessed, though data which includes different cohorts [48]. Lastly, 

research designs other than longitudinal and cross-sectional may allow      

researchers to reach firmer conclusions. 

As a whole, the results presented in this paper, if confirmed by future 

investigations, will contribute to understanding the complex relationship 

between ICT use and health-related behaviours in old age. 

 

 

 

References      

1.  Räsänen, P., Koiranen, I.: Changing Patterns of ICT Use in Finland – The 

Senior Citizens’ Perspective. In: Human Aspects of IT for the Aged 

Population. Design for Aging: Second International Conference, ITAP 2016, 

Held as Part of HCI International 2016, Toronto, ON, Canada, 17–22 July 

2016, pp. 226–237. Springer International Publishing (2016). 

https://doi.org/10.1007/978-3-319-39943-0_22 

2. Freedman, V.A., Hu, M., Kasper, J.D.: Changes in Older Adults’ Social 

Contact During the COVID-19 Pandemic. The Journals of Gerontology: 

Series B. 77(7), e160–e166 (2022). https://doi.org/10.1093/geronb/gbab166 

3. Rolandi, E., et al.: Loneliness and Social Engagement in Older Adults Based 

in Lombardy during the COVID-19 Lockdown: The Long-Term Effects of a 

Course on Social Networking Sites Use. Int. J. Environ. Res. Public Health. 

17(21), 7912 (2020). https://doi.org/10.3390/ijerph17217912 

4. Buyl, R., et al.: e-Health interventions for healthy aging: a systematic 

review. Syst. Rev. 9(1), 128 (2020). https://doi.org/10.1186/s13643-020-

01385-8 

5. Ben Hassen, H., Dghais, W. Hamdi, B.: An E-health system for monitoring 

elderly health based on Internet of Things and Fog computing. Health Inf. Sci. 

Syst. 7(1), 24 (2019). https://doi.org/10.1007/s13755-019-0087-z. 

6. Cook, D.J., et al.: Patient Engagement and Reported Outcomes in Surgical 

Recovery: Effectiveness of an e-Health Platform. J. Am. Coll. Surg. 217(4), 

648–655 (2013). https://doi.org/10.1016/j.jamcollsurg.2013.05.003 

7. Niu, S., et al.: Clinical characteristics of older patients infected with 

COVID-19: A descriptive study. Arch. Gerontol. Geriatr. 89, 104058 (2020). 

https://doi.org/10.1016/j.archger.2020.104058. 

8. Ferroni, E., et al.: Survival of Hospitalized COVID-19 Patients in Northern 

Italy: A Population-Based Cohort Study by the ITA-COVID-19 Network. 

Clin. Epidemiol. 12, 1337–1346 (2020). 

https://doi.org/10.2147/CLEP.S271763. 



9. Lombardia, azzerati vertici Aria. Tutti i flop: dai vaccini al sistema 

informatico. https://www.ilsole24ore.com/art/sistema-informatico-tilt-

appalti-sotto-inchiesta-e-scarsa-pianificazione-ecco-perche-la-centrale-

acquisti-aria-non-funziona-ADEp37RB. 

10. Vaccini in tempo reale. https://lab24.ilsole24ore.com/numeri-vaccini-

italia-mondo/?refresh_ce=1#. 

11. COVID-19 vaccinations archive. 

https://www.england.nhs.uk/statistics/statistical-work-areas/covid-19-

vaccinations/covid-19-vaccinations-archive/. 

12. Epidemia COVID-19. 

https://www.epicentro.iss.it/coronavirus/bollettino/Bollettino-sorveglianza-

integrata-COVID-19_10-marzo-2021.pdf. 

13. Bhagianadh, D., Arora, K.: COVID-19 Vaccine Hesitancy Among 

Community-Dwelling Older Adults: The Role of Information Sources. 

Journal of Applied Gerontology. 41(1), 4–11 (2022). 

https://doi.org/10.1177/07334648211037507. 

14. Yang, J., Tian, Y.: ‘Others are more vulnerable to fake news than I Am’: 

Third-person effect of COVID-19 fake news on social media users. Comput. 

Human Behav. 125, 106950 (2021). 

https://doi.org/10.1016/j.chb.2021.106950. 

15. Choudrie, J., Banerjee, S., Kotecha, K., Walambe, R., Karende, H.,  

Ameta, J.: Machine learning techniques and older adults processing of online 

information and misinformation: A covid 19 study. Comput. Human Behav. 

119, 106716 (2021). https://doi.org/10.1016/j.chb.2021.106716 

16. Desir, M. Cuadot, A., Tang, F.: Addressing Barriers to COVID-19 

Vaccination Among Older U.S. Veterans. J. Community Health. 47(4), 616–

619 (2022). https://doi.org/10.1007/s10900-022-01087-3 

17. Paimre, M., Osula, K.: Gender Differences in ICT Acceptance for Health 

Purposes, Online Health Information Seeking, and Health Behaviour among 

Estonian Older Adults during the Covid-19 Crisis. In: Proceedings of the 8th 

International Conference on Information and Communication Technologies 

for Ageing Well and e-Health., pp. 134–143. SCITEPRESS - Science and 

Technology Publications (2022). https://doi.org/10.5220/0011089400003188 

18. Llorente-Barroso, C., Kolotouchkina, O., Mañas-Viniegra, L.: The 

Enabling Role of ICT to Mitigate the Negative Effects of Emotional and 

Social Loneliness of the Elderly during COVID-19 Pandemic. Int. J. Environ. 

Res. Public Health. 18(8), 3923 (2021). 

https://doi.org/10.3390/ijerph18083923. 

19. Satake, S., Kinoshita, K. Arai, H.: More Active Participation in Voluntary 

Exercise of Older Users of Information and Communicative Technology even 

during the COVID-19 Pandemic, Independent of Frailty Status.: J. Nutr. 

Health Aging. 25(4), 516–519 (2021). https://doi.org/10.1007/s12603-021-

1598-2 

20. Goodman-Casanova, J.M., Dura-Perez, E., Guzman-Parra, J., Cuesta-

Vargas, A., Mayoral-Cleries, F.:Telehealth Home Support During COVID-19 

Confinement for Community-Dwelling Older Adults With Mild Cognitive 

Impairment or Mild Dementia: Survey Study. J. Med. Internet Res. 22(5), 

e19434 (2020). https://doi.org/10.2196/19434 



21. Li, K.Y., et al.: Perceptions of telehealth among older U.S. adults during 

the COVID-19 pandemic: A national survey. J. Telemed. Telecare. 

1357633X2311660 (2023). https://doi.org/10.1177/1357633X231166031 

22. Lloyd-Evans, P.H.I., et al.: Early experiences of the Your COVID 

Recovery® digital programme for individuals with long COVID. BMJ Open 

Respir. Res. 9(1), e001237 (2022). https://doi.org/10.1136/bmjresp-2022-

001237 

23. Guaita, A. et al.: Brain aging and dementia during the transition from late 

adulthood to old age: design and methodology of the ‘Invece.Ab’ population-

based study. BMC Geriatr. 13(1), 98 (2013). https://doi.org/10.1186/1471-

2318-13-98 

24. Faul, F., Erdfelder, E., Lang, A.-G., Buchner, A.; G*Power 3: A flexible 

statistical power analysis program for the social, behavioral, and biomedical 

sciences. Behav. Res. Methods. 39(2), 175–191 (2007). 

https://doi.org/10.3758/BF03193146 

25. R Core Team: R: A Language and Environment for Statistical Computing. 

R Foundation for Statistical Computing, Vienna, Austria. (2023) 

26. Posit team: RStudio: Integrated Development Environment for R. Posit 

Software, PBC, Boston, MA. (2023) 

27. Wickham, H., et al.: Welcome to the Tidyverse. J. Open Source Softw. 

4(43), 1686 (2019). https://doi.org/10.21105/joss.01686 

28. Bates, D., Mächler, M., Bolker, B., Walker, S.:Fitting Linear Mixed-

Effects Models Using lme4. J. Stat. Softw. 67(1), (2015). 

https://doi.org/10.18637/jss.v067.i01 

29. Kuznetsova, A., Brockhoff, P.B., Christensen, R.H.B.: lmerTest Package: 

Tests in Linear Mixed Effects Models. J. Stat. Softw. 82(13), (2017). 

https://doi.org/10.18637/jss.v082.i13 

30. Lüdecke, D., Ben-Shachar, M, Patil, I., Waggoner, P., Makowski, D.: 

performance: An R Package for Assessment, Comparison and Testing of 

Statistical Models. J. Open Source Softw. 6(60), 3139 (2021). 

https://doi.org/10.21105/joss.03139 

31. Wickham, H.: ggplot2: Elegant Graphics for Data Analysis. Springer-

Verlag, Cham (2016). https://doi.org/10.1007/978-3-319-24277-4 

32. Lüdecke, D.: sjPlot: Data Visualization for Statistics in Social Science. 

(2023) 

33. Lüdecke, D.: sjmisc: Data and Variable Transformation Functions. J. Open 

Source Softw. 3(26), 754 (2018). https://doi.org/10.21105/joss.00754 

34. Lüdecke, D.: sjlabelled: Labelled Data Utility Functions. (2022) 

35. Stine, R.A.: Graphical interpretation of variance inflation factors. Am. 

Stat. 49(1), 53–56 (1995). https://doi.org/10.1080/00031305.1995.10476113 

36. Ghadieh, A.S., Hamadeh, G.N., Mahmassani, D.M., Lakkis, N.A.: The 

effect of various types of patients’ reminders on the uptake of pneumococcal 

vaccine in adults: A randomized controlled trial. Vaccine. 33(43), 5868–5872 

(2015). https://doi.org/10.1016/j.vaccine.2015.07.050 



37. Minor, D.S., Eubanks, J.T., Butler, K.R., Wofford, M.R., Penman, A.D., 

Replogle, W.H.: Improving Influenza Vaccination Rates by Targeting 

Individuals not Seeking Early Seasonal Vaccination. Am. J. Med. 123(11), 

1031–1035 (2010). https://doi.org/10.1016/j.amjmed.2010.06.017 

38. Tan, A.S.L., Lee, C., Chae, J.: Exposure to Health (Mis)Information: 

Lagged Effects on Young Adults’ Health Behaviors and Potential Pathways. 

Journal of Communication. 65(4), 674–698 (2015). 

https://doi.org/10.1111/jcom.12163 

39. Roozenbeek, J., et al.: Susceptibility to misinformation about COVID-19 

around the world. R. Soc. Open Sci. 7(10), 201199 (2020). 

https://doi.org/10.1098/rsos.201199 

40. Morris, A., Goodman, J., Brading, H.: Internet use and non-use: views of 

older users. Univers. Access Inf. Soc. 6(1), 43–57 (2007). 

https://doi.org/10.1007/s10209-006-0057-5 

41. Xie, B.: Older adults, e-health literacy, and collaborative learning: An 

experimental study. Journal of the American Society for Information Science 

and Technology. 62(5), 933–946 (2011). https://doi.org/10.1002/asi.21507 

42. Jeong, J.H., Kim, J.S.: Health Literacy, Health Risk Perception and Health 

Behavior of Elders. Journal of Korean Academy of Community Health 

Nursing. 25(1), 65 (2014). https://doi.org/10.12799/jkachn.2014.25.1.65 

43. Salman, D., et al.: Movement Foundations. The perceived impact of a 

digital rehabilitation tool for returning to fitness following a period of illness, 

including COVID-19 infection: a qualitative study. BMJ Open Sport. Exerc. 

Med. 9(2), e001557 (2023). https://doi.org/10.1136/bmjsem-2023-001557 

44. Näsi, M., Räsänen, P., Sarpila, O.: ICT activity in later life: Internet use 

and leisure activities amongst senior citizens in Finland. Eur. J. Ageing. 9(2), 

169–176 (2012). https://doi.org/10.1007/s10433-011-0210-8 

45. Zambianchi, M., Rönnlund, M., Carelli, M.G.: Attitudes Towards and Use 

of Information and Communication Technologies (ICTs) Among Older 

Adults in Italy and Sweden: the Influence of Cultural Context, Socio-

Demographic Factors, and Time Perspective. J. Cross. Cult. Gerontol. 34(3), 

291–306 (2019). https://doi.org/10.1007/s10823-019-09370-y 

46. König, R., Seifert, A., Doh, M.: Internet use among older Europeans: an 

analysis based on SHARE data. Univers. Access Inf. Soc. 17(3), 621–633 

(2018). https://doi.org/10.1007/s10209-018-0609-5 

47. Chia, S.C., Lu, F., Sun, Y.: Tracking the Influence of Misinformation on 

Elderly People’s Perceptions and Intention to Accept COVID-19 Vaccines. 

Health Commun. 38(5), 855–865 (2023) 

https://doi.org/10.1080/10410236.2021.1980251 

48. Sala, E., Gaia, A., Cerati, G.: The Gray Digital Divide in Social 

Networking Site Use in Europe: Results From a Quantitative Study. Soc. Sci. 

Comput. Rev. 40(2), 328–345 (2022). 

https://doi.org/10.1177/0894439320909507 

 


