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Abstract
Digital health technologies are a major feature of contemporary public health strategies, particularly in relation to the COVID-19 pandemic. However, digital
initiatives risk excluding vulnerable groups, thereby propagating poor health outcomes. We assessed how groups at higher risk from COVID-19 report their
relationships with key digital health initiatives in the United Kingdom. We found that those who are female, over 60 and of a lower social group are less
con�dent in using digital information to make health decisions. Those over 40, from lower social groups and of lower educational attainment use digital
resources less often in seeking COVID-19 health information. Lastly, those over 60, from lower social groups and of lower educational attainment are less
con�dent in distinguishing reliable digital COVID-19 information. This suggests that a ‘digital �rst’ model of COVID-19 pandemic management may exacerbate
existing digital and health inequalities by reinforcing barriers to health information and public health services.

Introduction
Since emerging in December 2020, the SARS-CoV-2 1 virus has infected over 19.2 million people and has claimed over 715,000 lives globally 2. Therapeutic
options for those infected remain limited, leaving public health strategies to reduce transmission the most feasible option for effective pandemic management
3. Accordingly, many governments have mandated unprecedented nationwide and regional behavioural measures, such as social distancing, the use of
facemasks in public and extended lockdown precautions 4. However, for such a public health approach to be effective, all sections of the population need to
be included in communications and given equitable access to protective measures and healthcare 5.

In the United Kingdom (UK), as well as a number of other countries, increased mortality from COVID-19 has been observed amongst speci�c cohorts, including
the elderly, Black and Asian ethnic groups 6, those from economically deprived areas 7, and those with long-term health conditions 8. The disparity in health
outcomes does not appear primarily driven by SARS-CoV-2 itself, but rather that the virus ampli�es pre-existing health inequalities within in society. These
inequalities have been well described, stemming from the wider social determinants of health, including diet, housing, education, social networks and
economic relationships 9.

Governments in many countries are turning towards public-facing digital technologies to augment traditional public health strategies, particularly for the
purpose of disseminating critical health information 10. Whilst digital health technologies can improve the speed, reach and cost of many traditional public
health measures, there are also speci�c barriers to their e�cacy; ownership of suitable hardware, internet access and digital literacy can greatly impact
effective coverage across population groups 11. Crucially, these three factors, which form the concept of ‘digital inclusion’ 12, are considered to be important
social determinants of health in themselves 13. Research has demonstrated that groups who are at the highest risk of digital exclusion 14 are the elderly, those
of Black and South Asian ethnic origin, those from deprived areas and those with low educational attainment; the same groups who suffer from the poorest
COVID-19 health outcomes. It is therefore of signi�cant concern that digital public health pathways for COVID-19, which do not account for groups at risk of
digital exclusion, will further reinforce the poor health outcomes already observed within these same groups and worsen the divide in health inequality.

To date, there has been no research investigating the self-perceived preparedness for COVID-19 digital health strategies amongst the UK population. We
therefore explore overall public readiness in regard to the UK digital health strategy against the COVID-19 pandemic, and, in particular, how groups at higher
risk from COVID-19 report their relationships with key digital health initiatives.

Methods
Survey development:

An online survey was designed by a team of qualitative experts from YouGov, a market research company.  The YouGov team used the eHealth Literacy
Framework 11 to devise a set of 17 core questions (Appendix 1). The eHealth Literacy Framework, the only validated framework to categorise digital health
literacy (a term synonymous with eHealth literacy), consists of seven core domains; 1) access to digital services that work, (2) access to digital services that
are suited to individual needs, (3) motivation to engage with digital services, (4) personal sense of safety and control, (5) ability to actively engage with digital
services, (6) engagement in one’s own health and (7) the ability to process information. Additional questions regarding proposed government and private
sector contact tracing applications were devised in order to understand perception and readiness of the cohort with respect to an imminent digital technology
dependent public health effort.

These 17 questions were grouped into four themes (Appendix 1); (1) con�dence to independently source and use information from digital technologies to
answer health related questions, (2) identify which sources of information are commonly used in gathering COVID-19 speci�c health information, (3) identify
which information sources harbour the most trust in gathering COVID-19 speci�c health information and (4) quantify public opinion regarding the use of the
contact tracing apps.

Sample:

A sample of 2040 adults was achieved through YouGov’s non-probabilistic sampling method. This sample is retrieved from a larger panel of more than
360,000 adults, who are registered and incentivised to participate in surveys 15. The sample is representative of UK adults in terms of gender, age, ethnicity,
social group, education attainment and geographical region of residence.
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Data was collected between the dates of 15th June 2020 and 24th June 2020 via an online survey conducted by YouGov. Participants were identi�ed from the
YouGov panel and were sent an e-mail with a survey link.

Data Analysis:

We utilised descriptive statistics to describe the sample by gender, age, ethnicity, social group, educational attainment and governmental o�ce region
respectively. Social group was categorised using the National Readership Survey (NRS) classi�cation system and dichotomised into ‘middle class’ (ABC1) and
‘working class’ (C2DE) groups 16. Education was classi�ed as ‘low’ (GCSE attainment or below), ‘medium’ (A-level or equivalent attainment) and ‘high’
(university degree attainment and above). Respondent ages were grouped into young adults (18-39 years), middle-aged (40-59 year) and elderly (60+ years).
Ethnicity is classed as either Caucasian or Black, Asian and minority ethnic (BAME). Government O�ce regions were aggregated to Southern England
(London, South East and South West), Midlands (East of England, East Midlands and West Midlands), Northern England (Yorkshire and the Humber, North
East and North West) and Devolved Nations (Scotland, Wales and Northern Ireland).

Outcome:

For questions with Likert-type ordinal responses, ordinal logistic regression was performed to examine the relationships between responses and the panel of
demographic characteristics described above. 

In order to identify discrete response types within survey domains, K-means clustering was applied to all Likert-type ordinal response variables in each domain.
Data were normalised by min-max transformation and optimal clusters sizes were determined by relative maxima in silhouette and Calinski Harabasz scores
and relative minima in Davies-Bouldin scores 17–19. The responses of each cluster and their demographic characteristics were described. All analyses were
undertaken on Stata/SE 16.0 (Stata Corporation LP, College Station, Texas, United States of America). K-means clustering was performed using Python v.3.6.8
with the scikit-learn library (version 0.23.1).

Results
A sample of 2040 adults (Table 1) was achieved through YouGov’s non-probabilistic sampling method. Figure 1 is a signi�cance map which details the
directionality and the level of signi�cance associated with responses and the panel of pre-speci�ed demographic characteristics.

99% (2024/2040) of the sample cohort have access to a personal digital device (Question 1). Smartphones and laptops/personal computers have the highest
penetrance at 88% (1788/2040) and 84% (1719/2040) across the cohort respectively. 61% (1239/2040) of the cohort own tablet computers. Smartwatches
(211/2040, 10%) and wearable �tness trackers (391/2040, 19%) were less frequently owned by respondents.

With respect to age, access to personal computers/laptops is stable through to the 70+ age group (337/377 (89%) in 18-29 age group compared to 215/259
(83%) in the 70+ age group). In contrast, smartphone ownership declines in the 70+ age group (359/377 (95%) in the 18-29 age group compared to 171/259
(66%) in the 70+ age group). Ownership of laptops/personal computers decline with lower social grade (508/571 (89%) in AB compared to 337/449 (75%) in
DE). Smartphone ownership declines with lower educational attainment groups (587/634 (93%) in the high educational attainment group compared to
434/535 (81%) in the low educational attainment group).

836/2024 (41%) of respondents state that they have used their personal digital device to access COVID-19 speci�c information (Question 1.1). This �gure
decreases with age (189/374 (51%) between ages 18-29 compared to 50/255 (20%) in those aged above 70), social grades (274/568 (48%) in AB compared to
145/442 (33%) in DE) and educational attainments cohorts (329/632 (52%) in the high educational attainment group compared to 160/529 (30%) in the low
educational attainment group). Of all personal digital device activities, instant messaging (1652/2024 (82%)) was the most commonly utilised function,
followed by accessing the news (1476/2024 (73%)), telephone calls (1461/2024 (72%)) and then social networking (1447/2024 (71%)).

(1) Con�dence:

1423/2040 (70%) are con�dent at using online or app-based information to make personal health decisions (Question 2). In comparison to their reference
counterparts, respondents who are female, over the age of 60 and of a lower social group are all signi�cantly less con�dent in using online or app-based
information to make personal health decisions (p < 0.01) (Question 2). Those above the age of 60 are consistently signi�cantly less con�dent in both sourcing
and using health resources to form personal health decisions regardless of digital source (internet, apps or social media) (p < 0.01) and would rather consult a
clinician over the phone than an online or app-based telemedicine service (p < 0.01) (Question 3). Those from lower social groups and of lower educational
attainment are signi�cantly less con�dent at less con�dent at knowing where (Question 6.1) and how (Question 5.1) to use the internet to answer health
questions (p < 0.01).  There are no signi�cant consistent �ndings with respect to either ethnicity or region for this domain of questions.

Four distinct clusters of responses for this domain of questions (Questions 3, 5 and 6) were identi�ed. Panel A of Figure 2 shows the responses of each cluster
to each of the constituent questions on which clustering is performed. Clusters were characterised post-hoc based on their responses as ‘Digitally con�dent
and preferring online primary care’ (19%), ‘Digitally con�dent and preferring telephone primary care’ (34%), ‘Digitally cautious and preferring online primary
care’ (24%) and ‘Digitally cautious and preferring telephone primary care’ (23%).

(2) Sources of information:

Respondents over the age of 40, from lower social grades and of lower educational attainment use online or app-based resources less often than their
reference counterparts (p < 0.01) (Question 7). 675/2040 (34%) have not used online resources or apps to seek any COVID-19 information at all (Question 7).
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Approximately three times as many people over the age of 70 (124/259 (48%) compared to 43/259 (16%)) in the 18-39 age group would rather access health
information from traditional (non-digital) media sources than relying upon digital media sources (Question 10). Those above the age of 60 are more likely to
turn towards tabloid newspapers, broadsheet newspapers radio and television than their references counterparts (p > 0.01) whilst avoiding social media (p >
0.01). Those of lower social groups and educational attainment are less likely to use the BBC website and broadsheet newspapers (paper or online format) (p
> 0.01) (Questions 8 and 9). Respondents of BAME background are also more likely to engage in many digital (non-NHS websites, tabloid newspaper website,
broadsheet website, social media) and traditional information sources (print tabloid and broadsheet newspapers) (p > 0.01) than reference counterparts
(Questions 8 and 9).

Five distinct clusters of responses for this domain of questions (Question 9) were identi�ed. Panel B of Figure 2 shows the responses of each cluster to each
of the constituent questions on which clustering is performed. Clusters were characterised post-hoc based on their source of information preference; ‘TV, radio
and broadsheets’ (12.3%), ‘TV and radio’ (25.7%), TV and tabloids’ (14.8%), ‘TV only’ (26.4%) and ‘No traditional media’ (20.7%). 

(3) Trust:

885/2040 (43%) cited ‘trust in the information found’ as the main barrier against the use of online/app-based information to guide personal health decisions,
ahead of ‘knowing where to �nd information’ (406/2040 (20%)) and ‘knowing how to action the information found’ (379/2040 (19%)) (Question 4). Those
above the age of 60 (p > 0.05), from lower social groups (p > 0.01) and of lower educational attainment (p > 0.01) are less con�dent in telling apart reliable
COVID-19 information from unreliable information when encountered online or through apps (Question 12).

Amongst information sources, the NHS website has the highest trust rating (1661/2040 (81%)) whereas social media (1325/2040 (65%)) and tabloid
newspapers (1303/2040 (64%)) has the highest distrust rating (Question 11). However, the NHS website is not as preferred by those in lower social groups
(p>0.01), those of low educational attainment (p > 0.05), those above 60 (p > 0.05) and those of BAME backgrounds (p > 0.05). In addition, broadsheet
newspaper sources and the BBC are not as trusted as information sources by those from low social groups and low educational attainment groups (p > 0.01).

Two distinct clusters of responses for this domain of questions (Question 11) were identi�ed. Panel C of Figure 2 shows the responses of each cluster to each
of the constituent questions on which clustering is performed. Clusters were characterised post-hoc based on their responses as either ‘mistrustful of non-NHS
information’ (37.5%) or ‘Trusting of NHS, broadsheets and BBC’ (62.5%). 

Scienti�c endorsement of information from �gures, such as Professor Chris Whitty, is seen as the most important contributor towards trust (70% trust rating).
Despite this high rating, in comparison to their reference groups, respondents from BAME backgrounds, lower social groups, low educational attainment
groups and those who reside in the Midlands are less likely to trust information that has scienti�c endorsement. Moreover, the government trust rating was
only 40%, with no one demographic either more or less inclined to trust government sourced information in comparison to the reference group. Lastly, those
with a high education attainment (213/634) are twice as likely to double check information that they encounter through digital resources than those of a low
education attainment (80/535) (Question 14).

(4) Contact tracing:

832/2040 (41%) are unlikely to engage with a digital contact tracing programme, even in the event that compliance was directly linked to easing of quarantine
measures. In comparison to their respective reference groups, those above the age of 70, of the lowest social grade and those who live in the Northern regions
are signi�cantly less likely to engage in the contact tracing programme (p > 0.01) (Question 15).

With respect to industry led contact tracing apps, respondents are uncomfortable with sharing their NHS number (1524/2040 (75%)), medical history
(1538/2040 (75%)) and location (1199/2040 (59%)). Those aged above 60 are signi�cantly more uncomfortable in sharing data related to age, location and
medical history when using industry led apps, in comparison to their reference counterparts (p > 0.01) (Question 17). In comparison, with respect to
government led contact tracing apps, there is less discomfort at sharing NHS number (795/2040 (39%)), medical history (935/2040 (46%)) and location
(772/3040 (38%)) (Question 16). With government led contact tracing apps, those of a BAME background and lower social groups are less comfortable in
sharing their location than their reference counterparts (p > 0.05), whereas, those over the 40+ are more likely to share their location (p > 0.01). 

Two distinct clusters of responses for this domain of questions (Questions 15, 16 and 17) were identi�ed. Panel D of Figure 2 shows the responses of each
cluster to each of the constituent questions on which clustering is performed. Clusters were characterised post-hoc based on their responses as either
‘comfortable with apps’ (59.3%) or ‘uncomfortable with apps’ (40.7%).

Discussion
This study �nds that the UK has diverse preferences for where and how to access healthcare information, trust in information sources and desire to share
personal information. Throughout the study, there is a consistent theme of groups at higher risk of COVID-19, speci�cally those above the age of 60, those of
lower socioeconomic groups and those with lower educational attainment, engaging with health information and digital resources differently to those who are
younger, of higher social group and of higher educational attainment. These higher risk groups typically have greater di�culty using digital information to
make informed health decisions and, perhaps by consequence, are less likely to engage with digital sources of information. Whilst the same cannot be
consistently said of the BAME group, it must also be noted that the BAME umbrella encompasses a heterogenous group. This heterogeneity may explain how
the views expressed did not fall consistently along economic, age or educational lines. As such viewing the attitudes and views of the BAME as a single group
may not be an adequate approach 20.
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The �ndings of this study corroborate previous reports demonstrating that almost all UK households have access to the internet, but smartphone access is
much less, particularly amongst the elderly, poor and less educated 21. Therefore, signi�cant proportions of vulnerable groups are left without the requisite
hardware to use a COVID-19 contact tracing app. Additionally, overall 41% report being unlikely to engage with such an app, especially if they are older or
poorer. These barriers to engagement could undermine the e�cacy of an app which requires at least 60% uptake 22. Interestingly these groups also report
reduced trust in providing personal data to the tech companies rather than the government, although it was the UK government sanctioned app with
centralized data that had to be dropped in favour a joint Apple and Google option using decentralized data following privacy and security concerns 23.

Amongst those with digital devices, there is a preference to use them for interpersonal communication and social media, rather than for accessing information
relating to COVID-19 or related health services. This is particularly true of the elderly or lower socioeconomic groups, who prefer television or print media for
COVID-19 updates. Attempts to modify user behaviour to increase access and e�cacy of digital health strategies will also need to overcome a lack of
con�dence, particularly that expressed by women, the elderly and those in lower socioeconomic groups.

Overall, the �ndings suggest that a ‘digital �rst’ model of COVID-19 pandemic management has the signi�cant potential to widen existing inequalities brought
about by COVID-19 by reinforcing barriers to accessing health information and services. Both within the UK and wider settings, factors resulting in unequal
access of health services have been well described 24,25. These higher risk groups often include poorer communities, the less literate, the elderly and the
marginalised such as homeless people, migrant workers, asylum seekers and sex-workers. Unfortunately, many of these groups are also at greater risk of
COVID-19 due to the intersection with poverty and poor healthcare access 25.

Prior to the COVID-19 pandemic, digital exclusion through reduced access to infrastructure and digital literacy had been viewed as key social determinant of
health and national commitments had been made to target the issue 12. Whilst our �nding of digital inequality within the study population is not novel itself,
we contribute to increasing evidence suggesting that digital inequality also potentiates vulnerability to the pandemic, thereby further increasing health
inequalities 13. 

Crucially, the inability to promptly access and understand online information prevents individuals from taking the right protective steps against COVID-19.
Despite daily brie�ngs led by government o�cials, real-time updates and explanatory information are provided through carefully curated digital resources
created by governments and non-governmental organisations, such as the World Health Organisation. Our study shows signi�cant variation in con�dence and
trust in online healthcare information across ages, education levels and social grades. Worryingly, those struggling to trust in o�cial sources or discern
amongst digital sources are also vulnerable to the propagation of misinformation 26; with notable COVID-19 speci�c examples relating to the 5G network 27

and ingestion of disinfectant 28.  In the short term, engaging communities with lower digital health literacy through more traditional means, such as telephone
or posted material, may help bridge the gap whilst longer term strategies are devised. Longer term strategies will need to centre around improved infrastructure
and educational programmes addressing digital literacy 29. 

Failing to consider how digital interventions amplify pre-pandemic health inequalities, inequalities driven by the pandemic and inequalities of digital exclusion
could be disastrous. The British population appears divided in how con�dently they acquire healthcare information, where they source this information and
the extent to which they trust it. While trends exist in relation to age, socioeconomic status, educational background and ethnicity, clustering of responses
reveals a lack of consensus across key issues relating to the acquisition and consumption of digital healthcare data. The presence of this variation in
responses suggests that there is unlikely to be a ‘one-size-�ts-all’ digital strategy which provides equitable coverage across all regions and populations. By
extension, there is equally unlikely to be a panacea eliminating digital inequality. Strategies require a holistic approach and collaboration with stakeholders
and advocates from government, education structures, health sector and the technology industry to �nd sustainable and inclusive solutions. Such an inclusive
strategy, potentially spearheaded by national digital infrastructure organisations such as NHS Digital or NHS X, could have the potential to close, rather than
widen, digital inequality for this pandemic and beyond.

Limitations:

The sampling methodology employed by YouGov is both a strength and limitation of the study. The non-probabilistic method employed allowed for the
prompt and cost-effective delivery of a prespeci�ed sample size from segments of the population, who are traditionally di�cult to engage in qualitative
research. However, non-probabilistic sampling precludes nonresponse bias calculations and therefore a higher degree of bias than probabilistic sampling.
Additionally, this cross-sectional survey, provides a snapshot of people’s preferences, rather than how sentiments evolve over time. Indeed public trust in
entities such as government varies over the course of a crisis and could provide some explanation for the low government net trust rating (40%) 30. Study data
did not include comorbidities of respondents and so exploration of this COVID-vulnerable group could not be performed. Furthermore, the YouGov survey is
also unlikely to have accessed proportionate numbers of marginalised people such as migrant workers, the homeless and sex-workers who are at risk of
COVID-19 and have poor access to healthcare and digital interventions 12,24,25. Indeed, those without internet access will also not have been able to participate
in the study.

 

Conclusion
This study demonstrates the varied preparedness for digital health strategies to contain COVID-19 in the UK. It also highlights how the ‘digital �rst’ model of
health information dissemination, telemedicine portals and smartphone app-centred contact tracing, have signi�cant potential to exacerbate existing
inequalities by reinforcing barriers to accessing health information and services in vulnerable groups. This may, in turn, worsen outcomes for those at higher
risk of COVID-19 as these same groups report reduced preparedness with respect to digital public health interventions.
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Given the importance of maintaining low transmission rates across all regions and population groups, there is an urgent need for key decision makers to
consider further investment in multifaceted strategies to mitigate for this possibility. This includes multi-modal dissemination of health information, digital
health literacy programmes and revised contact tracing strategies for at-risk groups in order to maintain adequate universal coverage and bridge the digital
divide. By empowering patients, particularly those at highest risk, with such targeted schemes, public health strategies will have the greatest chance of limiting
the effects of a ‘second wave’ and ensuring that the R number remains well contained.
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Total Number (n=2040) Percentage

(%)

Gender Male 990 49%

Female 1050 51%

Age 18-29 377 18%

30-39 369 18%

40-49 347 17%

50-59 284 14%

60-69 356 17%

70+ 259 13%

Social Grade AB 571 28%

C1 592 29%

C2 428 21%

DE 449 22%

Educational attainment Low 535 26%

Medium 871 43%

High 634 31%

Region North East 72 4%

North West 225 11%

Yorkshire and the Humber 178 9%

East Midlands 162 8%

West Midlands 164 8%

East of England 168 8%

London 268 13%

South East 285 14%

South West 191 9%

Wales 98 5%

Scotland 172 8%

Northern Ireland 57 3%

Ethnicity White 1754 86%

BAME 286 14%

Table 1: Survey respondent demographics table
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Figure 1

A signi�cance map detailing directionality and signi�cance of relationships between responses and the panel of demographic characteristics



Page 10/10

Figure 2

4 bar graphs (labelled Panel A, B, C and D) detailing discrete response types within survey domains, achieved through K-means cluster scores
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