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Abstract
The COVID-19 pandemic has driven the transition from face-to-face visits to virtual care delivery. In this study, we explore
patients’ perceptions of the benefits and challenges of using virtual primary care technologies during the pandemic, using
machine learning approaches. A cross-sectional survey was conducted in August 2020 in Italy, Sweden, Germany, and the UK.
Latent Dirichlet Allocation was used to identify themes of two open-ended questions. Comparisons between participant
characteristics were made using Wilcoxon rank-sum test. 6,331 participants were included (51.7% female; 42.4% + 55 years;
60.5% white ethnicity; 86.6% low literacy). The benefits extracted included: primary care delivery, infection control, reducing
contacts, virtual care, timeliness, patient-doctor interaction, convenience, and safety. Participants from Sweden were most
likely to mention ‘‘primary care delivery’’ (UK p = .007, IT p = .03, DE p \ .001), from the UK ‘‘virtual care’’ (SE p \ .001, IT p
\ .001, DE p \ .001) and from Italy ‘‘patient-doctor interaction’’ (UK p \ .001, SE p \ .001, DE p \ .001). The challenges
included: diagnostic difficulties, physical examination, digital health risks, technical challenges, virtual care, data security and
protection, and lack of personal contact. ‘‘Diagnostic difficulties’’ was most significantly mentioned in Sweden (UK p = .009, IT
p \ .001, DE p \ .001), ‘‘virtual care’’ in the UK (IT p = .02, SE p = .001, DE p \ .001), and ‘‘data security and protection’’ in
Germany (UK p \ .001, IT p = .019, SE p \ .001). Our study reinforces the feasibility of using machine learning to explore
large qualitative datasets. Our findings contribute to a better identification of the lessons learned during the pandemic and
inform improvements in policy and practice.

Plain language summary

The COVID-19 pandemic has driven the transition from face-to-face visits to virtual primary care delivery and has made
online consultations the ‘‘new normal’’ for healthcare providers and patients While there is some evidence as perceived
by General Practitioners, patients’ voice has been seldom heard. In this study, we explore patients’ experiences and
perceptions of the key benefits and challenges of using virtual primary care technologies during the COVID-19
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pandemic, using machine learning approaches. A public, online cross-sectional survey was conducted in August 2020 in
Italy, Sweden, Germany, and the UK. Latent Dirichlet Allocation was used to identify the main themes of two open-
ended questions. The benefits extracted included: primary care delivery, infection control, reducing contacts, virtual
care, timeliness, patient-doctor interaction, convenience, and safety. The challenges included: diagnostic difficulties,
physical examination, digital health risks, technical challenges, virtual care, data security and protection, and lack of
personal contact. The statistical comparison between age groups, gender, countries of residence, and eHealth literacy
generally showed the most significant differences between countries. Our findings contribute to better identification of
the lessons learned and inform rapid improvements in the policy and practice of virtual primary care. The results
underline the increasing relevance of digital health technologies in primary care and the growing acceptance and demand
among patients. However, the study also highlights the risks that arise from their use, such as threats to privacy,
inaccurate diagnoses, or the lack of personal contact. While the algorithm provided an overview of representative
topics, granular insights on patient perception, as well as contextual and domain-specific analysis were not possible.
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Introduction

Background

The COVID-19 pandemic has caused unprecedented dis-
ruption in many European countries. The requirement to
implement strong social distancing measures such as
restrictions on gatherings or lockdowns to protect
patients and providers resulted in a massive adoption of
virtual care in General Practice. As a response, many
European countries have developed national guidance
on reshaping primary care, removed regulatory barriers,
thus further accelerating the uptake of virtual primary
care (Richardson et al., 2020).

Germany’s deficits in the digitalization of the health-
care system were addressed by the Digital Health Care
Act (Digitale-Versorgung-Gesetz) enabling remote con-
sultations and digital prescriptions, promoting the inte-
gration of virtual care into the healthcare system and
facilitating reimbursement for digital health services
(Bertelsmann Stiftung, 2019; German Federal Ministry
of Health, n.d.; Wosik et al., 2020). During the pandemic
the German Association of Statutory Health Insurance
Physicians and the Association of Health Insurance
Funds have extended the possible number of cases and
the scope of services that can be provided via video con-
sultation (Gerke et al., 2020). Sweden has long been at
the forefront of incorporating virtual care into its health-
care system, even before the pandemic, in areas such as
remote monitoring, teleconsultations, primary care,
triage, and advice services (Björndell & Premberg, 2021;
Ekman et al., 2019; Gabrielsson-Järhult et al., 2021). In
the United Kingdom, the National Health Service
(NHS) Long Term Plan has promoted the integration of
digital health technologies, including virtual care, to
improve patient access and experience (NHS England,
2019). The NHS has also launched platforms such as

NHS Digital and NHS App, which provide access to vir-
tual consultations, online prescriptions, and digital
health records (NHS Digital, n.d.). Although the avail-
ability and diffusion of large-scale remote care solutions
were initially limited, the pandemic has prompted the
issuance of various legislative acts (Clarke, 2023;
Omboni, 2020). In Europe, initiatives and policies, such
as the Digital Health and Care Strategy, the European
Health Data Space and Digital Green Certificates
(COVID-19 passports) have been launched to foster
innovation, enhance health services and improve intero-
perability of digital solutions across countries (European
Commission, n.d.). Virtual care has been embraced as a
suitable means of bridging the gap in service delivery
and improving healthcare delivery during the pandemic.
However, the rapid adoption has raised concerns about
the quality of care, potential inequalities in access to
care, lack of trust among users and not replacing in-
person consultations (European Patients’ Forum, 2020;
Webster, 2020). While for many patients this shift was
their first exposure to virtual care, this mode of delivery
is likely to become a common service model in the post-
pandemic future. Therefore, the pandemic can be seen as
a unique opportunity to explore the potential long-term
impact of virtual primary care on the quality and safety
of care by learning from its main users: patients.

The integration of digital technologies into healthcare
has led to changes in the way patients perceive and
engage with health services. The introduction of digital
health technologies has improved information sharing,
facilitated decision-making processes, created pathways
for information sharing and support, strengthened self-
management skills and encouraged better health promo-
tion (Frank, 2000). Research shows that patients’ ability
to access and rely on digital information influences their
decisions about healthcare providers (Vuong et al.,
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2022). Some studies reported high levels of satisfaction
with virtual care services in primary care and outpatient
settings during the pandemic (Holtz, 2021; Imlach et al.,
2020; Morgenstern-Kaplan et al., 2021; Ramaswamy
et al., 2020; Vosburg & Robinson, 2021). A cross-
sectional study in the United States found that patients
who experienced remote care first during the pandemic
were motivated by avoiding long waiting times and the
risk of infection (Holtz, 2021). However, in contrast to
patients who already used remote services, they contin-
ued to wish for face-to-face visits (Holtz, 2021). A
mixed-methods study conducted in New Zealand found
that patients using remote care consultations during
lockdown reported high user satisfaction (Imlach et al.,
2020). The study also found that remote care was per-
ceived to be most suited for scenarios where a patient-
provider relationship already existed, for example in the
context of routine check-ups and known health prob-
lems. Remote care was considered less appropriate when
a physical examination was required, when the diagnosis
was unclear and for patients who preferred face-to-face
visits (Imlach et al., 2020). Most of the studies mentioned
above focused on patient satisfaction only and on spe-
cific geographical areas, lacking demographic diversity,
and scarcely characterizing the digital literacy level of the
users. There is, therefore, an opportunity to explore
patients’ experience and perspectives on the use of virtual
care in European primary care systems, in particular,
capitalizing on large-scale datasets and data mining
approaches to extract novel insights about what worked,
and what needs to be improved.

Topic modeling is a type of statistical modeling tech-
nique used to extract valuable information and patterns
from large amounts of unstructured, text-based data.
Various machine learning algorithms have been utilized
for topic modeling, including Non-negative Matrix
Factorization (NMF) or Probabilistic Latent Semantic
Analysis (PLSA; Hofmann, 1999; Lee & Seung, 1999).
Latent Dirichlet Allocation (LDA), introduced by Blei
et al. (2003), is a probabilistic generative model used to
discover latent topics and their distribution in large sets
of unlabeled data (Blei et al., 2003). Topic modeling is
gaining interest in qualitative research for analyzing of
prescription data, clinical reports, patient feedback or
databases, for example, to identify core ventilation tech-
nologies to be used during the pandemic (Arnold &
Speier, 2012; Durmusxoğlu & Durmusxoğlu, 2022; Park
et al., 2017). Due to its automated approach, topic mod-
eling offers a quick and efficient way to conduct explora-
tory, unsupervised analysis surpassing other qualitative
methods such as manual coding, grounded theory or
content analysis. The data-driven nature of topic model-
ing enables the identification of emerging topics, tracking
topic changes over time and assessing the topic

prevalence (Griffiths & Steyvers, 2004). This can be par-
ticularly useful in emergencies such as a pandemic, when
a rapid assessment is needed to inform policy and prac-
tice. However, topic modeling has limitations in terms of
interpretability, as it may generate ambiguous or over-
lapping topics without specific domain expertise (Chang
et al., 2009). Additionally, it lacks contextual under-
standing and semantic meaning of text, and requires sig-
nificant pre-processing steps.

Aim

While there is some evidence assessing the benefits and
challenges, as perceived by General Practitioners, the
patients’ voice has been seldom heard. In this study, we
systematically explore and synthesize patients’ experi-
ences and perceptions of the key benefits and challenges
of using virtual primary care technologies during the
COVID-19 pandemic, using LDA as a machine learning
technique for topic modeling. The findings allow us to
learn from this major real-life experiment of virtual care
provided during the pandemic and inform the delivery of
virtual care in the post-pandemic future.

Methods

Study Design and Participants

This study is a secondary analysis of data collected in a
cross-sectional online survey. The survey was hosted on
the online platform Qualtrics. Participants were included
if aged 18 years and over and able to speak, read and
write in the official language of their country.
Recruitment took place in August 2020 in partnership
with YouGov, including via standard advertising, and
strategic partnerships with a broad range of websites.
Stratified sampling was used to recruit participants from
four different healthcare settings (Germany, Italy,
Sweden, and the UK). The samples were nationally rep-
resentative in terms of age, sex, social class, and educa-
tion level. The survey was conducted in the respective
mother tongue of the country. The survey adhered to the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guideline for cross-sectional
studies (Elm et al., 2007). The detailed methodology has
been published elsewhere (Neves et al., 2021).

Survey Development

The survey was developed based on a rapid review of the
subject and expert consultation. Table 1 shows the four
survey sections and their respective questions. The com-
plete survey questions are provided elsewhere (Neves
et al., 2021). This study focused on the analysis of the
demographic data and two open-ended questions
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evaluating the patients’ perception of the main benefits
and challenges of using virtual care during the COVID-
19 pandemic and were used for topic modeling.

Data Collection

The patient characteristics included sex (male, female),
age groups (18–24, 25–34, 35–44, 45–54, 55+ ), and
country of residence (Germany, Sweden, Italy, the UK).
Digital literacy was assessed using the eHealth Literacy
Scale (eHEALS) tool, which identifies six core literacy
skills: traditional literacy, health literacy, information lit-
eracy, academic literacy, media literacy, and computer lit-
eracy. Based on these competencies, the eHEALS tool
assesses participants’ knowledge, comfort, and perceived
ability to find, evaluate, and apply digital health informa-
tion (Norman & Skinner, 2006). The validity and reliabil-
ity of eHEALS were demonstrated across different health
conditions and the score was translated into different lan-
guages (Paige et al., 2017; van der Vaart et al., 2011).

Perceptions of benefits and challenges of using virtual
care during the COVID-19 pandemic were assessed using
the following free-text questions: ‘‘In your opinion, what
do you think would be the main benefits of using virtual
technologies when accessing primary care during the
COVID-19 pandemic?’’ and ‘‘In your opinion, what are
the main challenges of using virtual technologies when
accessing primary care during the COVID-19 pandemic?’’

Data Preparation

Text-based responses were translated by the research team
using the artificial intelligence language translation soft-
ware DeepL (version 2.6.63019, DeepL, 2017).
Translations were validated using back-translation. The
eHEALS was calculated as the sum of all instrument items
ranging from 8 to 40, with higher scores reflecting higher
levels of eHealth literacy. The eHEALS score was categor-
ized into high eHealth literacy (eHEALS ø 26) and low
eHealth literacy (eHEALS\ 26), in line with previous
studies (Chung et al., 2018; van der Vaart et al., 2011).

Topic Modeling Using Latent Dirichlet Allocation

The two open-ended questions were analyzed using an
LDA topic modeling approach. Figure 1 shows the con-
secutive steps of text-pre-processing, creating document-
term matrices, determining the number of topics, LDA
topic modeling, and manual labeling of the topics.

The text data underwent automated pre-processing
using R Studio (version 1.4.1717, R Core Team, 2021).
Initially, the data set was imported as a .CSV UTF-8 file.
Unwanted noise, such as double spaces, multiple new-
lines, punctuation, numbers, and stop words was
removed using the text mining framework of the tm
package (version 11-7, Feinerer et al., 2023) The text was
converted to lowercase using the stringr package (version
1.5.0, Wickham, 2023) The tidyr (version 1.3.0) and
dplyr (version 1.1.2) packages were used to break each
row of the data set down into a list of terms called
‘‘tokens’’ and to create sequences of tokens known as ‘‘n-
grams’’ (Wickham, Francxois, et al., 2023; Wickham,
Vaughan, et al., 2023). For example, the tokens
‘‘reduce,’’ ‘‘risk,’’ and ‘‘infection’’ were used to create the

Figure 1. The steps of data processing and modeling including
respective R packages used for the creation of LDA models.

Table 1. Survey Structure and Types of Questions.

# Section Questions (n) Survey question types

1 Demographic data and digital literacy 13 Close-ended questions (multiple choice) and set of questions using
a 5-point Likert scale (1: strongly disagree, 5: strongly agree) as part
of the eHEALS

2 Use of virtual care before and during
the COVID-19 pandemic

3 Close-ended questions (multiple choice) and question on patient
experience using a 5-point Likert scale (1: very bad, 5: very good)

3 Impact on quality and safety of care 15 Close-ended questions (multiple choice)
4 Benefits and challenges 2 Open-ended questions
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bi-grams ‘‘reduce_risk’’ or ‘‘risk_infection’’ and the tri-
gram ‘‘reduce_risk_infection.’’

Text-pre-processing enabled the creation of document
term matrices using the textmineR package (version
3.0.5, Jones et al., 2021). The matrix captures the fre-
quency of tokens in each document and represents the
corpus, the entire body of contextual data.
Lemmatisation was applied during this process as well,
using the textstem package (version 0.1.4) to shorten
terms to their base dictionary form (Rinker, 2018). For
example, ‘‘reduces,’’ ‘‘reduced,’’ or ‘‘reducing’’ were con-
verted to their lemma ‘‘reduce.’’ As a result of all text
processing so far, the sentence ‘‘the main benefit is
undoubtedly the possibility of avoiding the risk of infec-
tion’’ was transformed into ‘‘main benefit undoubtedly
possibility avoid risk infection.’’

To select the best fitting LDA model, three model
comparison metrics (Arun et al., 2010; Cao et al., 2009;
Deveaud et al., 2014) were utilized applying the ldatuning
package (version 1.0.2, Arun et al., 2010; Cao et al.,
2009; Deveaud et al., 2014; Nikita & Chaney, 2020). The
metrics serve as quantitative measures for assessing the
coherence of the generated topics. The Arun et al. (2010)
metric calculates the average log-likelihood of words in
relation to topics and the average log-likelihood of topics
in relation to documents. It provides a balance between
model complexity and model coherence (Arun et al.,
2010). The Cao et al. (2009) metric considers the trade-
off between the log-likelihood of the model and the diver-
gence between topics. A low value indicates better model
quality, meaning that the topics are well-separated and
easily interpretable (Cao et al., 2009). The Deveaud et al.
(2014) metric assesses the relevance of the generated
topics to the underlying data. It measures the probability
of a word occurring in a document when it is associated
with a topic. Higher values indicate more relevant and
meaningful topics (Deveaud et al., 2014). Applying the
three metrics helps to determine manually the number of
topics that maximize coherence, interpretability, distinc-
tiveness, and relevance.

In the final stage of the analysis, the LDA algorithm
was applied to the document-term matrix to extract
topics based co-occurrence terms using the topicmodels
package (version 0.2-12, Gr€un et al., 2023).

The process of generating topics in LDA involves
probabilistic modeling and iterative optimization that go
beyond mere word frequency, identifying groups of
words that co-occur and represent meaningful themes.
The LDA yields two outputs: (a) the probability of each
term belonging to a certain topic, and (b) the probability
of each topic belonging to a row of the data frame. As
the algorithm did not automatically provide topic label-
ing, manual labeling was conducted with other research-
ers. Drawing from our collective expertise, we labeled

the topic-based on the top ten terms or n-grams with the
highest marginal probability within each topic. One of
the topics, referred to as ‘‘no answer provided’’ mostly
covered responses that lacked meaningful information
regarding the research questions and included responses
such as ‘‘I do not know’’ and ‘‘no answer.’’ Furthermore,
to provide an alternative visualization of the data, word
clouds were also created from the document-term
matrices. These show the frequency of additional n-
grams in the matrices.

The LDA model is based on the assumptions that
word order does not matter and thus the distribution of
words in the data within each topic is independent of the
documents, that each document has only a few topics
with non-zero probabilities, and that each topic consists
of only a small subset of words. These assumptions were
manually checked by the research group by examining
the topics for coherence, relevance, and interpretability.

Finally, a sensitivity analysis was conducted to exam-
ine a change in the number of topics (n=9, n=10) on
the composition of the topics.

Statistical Analysis

Comparisons between participant characteristics on the
frequency of responses for each topic were made using
Wilcoxon rank-sum test. Summary statistics for the vari-
ables are presented as mean. p-values were adjusted for
multiple comparisons using False Discovery Rate (FDR)
correction when performing Wilcoxon rank-sum test.
Results with p-values \.05 were considered statistically
significant. The abbreviations used for the country names
follow the ISO 3166 ALPHA-2: Germany (DE), Sweden
(SE), Italy (IT), and the United Kingdom (UK).

Ethics

Ethical approval was granted by Imperial College
London’s Ethics Research Committee (ICREC;
Approval number: 20IC5956).

Results

Participant Characteristics

Table 2 summarizes the characteristics of the survey par-
ticipants (n=6,331). The gender distribution of partici-
pants was balanced (51.7% female, n=3,272). Most
participants were over 55 years old (42.4%, n=2,687)
and of white ethnicity (60.4%, n=3,289). Most partici-
pants showed a low eHealth literacy (86.8%, n=5,497).
For participants with low eHealth literacy
(eHEALS. 28, 18.82 6 6.79), literacy was balanced
across the eight items of the eHEALS score, with the
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lowest score for knowledge of using the internet to
answer health questions (2.12 6 0.97; Supplemental
Table 2).

Number of Topics

To examine the desired number of topics, different LDA
models were fitted. Supplemental Figure 1 plots the
changes in model comparison metrics with an increasing
number of topics for the benefits and challenges of vir-
tual primary care. The Cao et al. (2009) metric indicated
LDA models with eight to ten topics to be best for fur-
ther analysis. Due to their monotonic patterns, the other
two metrics provided little guidance in determining the
number of topics. Considering all three metrics on bal-
ance, an eight-topic LDA model was identified for subse-
quent analysis.

Benefits of Virtual Technologies in Primary Care

Based on the model comparison metrics, the LDA model
identified eight topics related to the benefits of virtual
care technologies, including (1) primary care delivery, (2)
infection control, (3) reducing contacts, (4) virtual care,
(5) timeliness, (6) patient-doctor interaction, (7) conveni-
ence and safety, and (8) no answer provided (Figure 2,
1–8). The world clouds (Figure 3, 1–8) serve as an alter-
native way to illustrate the extracted topics. They

contain the ten most frequent terms of each topic in the
center of the cloud, as shown in Figure 2, and beyond
that, at the periphery of the cloud, other terms that were
mentioned less frequently. For the topic ‘‘primary care
delivery’’ particularly frequently mentioned terms such
as ‘‘health,’’ ‘‘care,’’ ‘‘benefit,’’ or ‘‘digital’’ are in the cen-
ter of the clouds, highlighted in color and shown in a
larger font. Less frequently mentioned terms such as
‘‘main,’’ ‘‘provider,’’ or ‘‘protect’’ are shown toward the
edge of the cloud.

The statistical analysis (Supplemental Figure 2, 1–4)
showed little difference between men and women. When
comparing age groups, it was found that the 18 to 24-
year-old group was significantly more likely to mention
the topic ‘‘infection’’ than the 35 to 44 (p=.006), 45 to
54 (p=.005), and 55+ (p\ .001) age groups. They
mentioned ‘‘timeliness’’ less than most age groups, how-
ever significantly less compared to the 45 to 54 age group
(p=.02). The cross-country comparison showed that the
topic ‘‘primary care delivery’’ was mentioned the most by
participants from Sweden (UK p=.007, IT p=.03, DE
p\ .001) and the least by participants from Germany
(UK p=.001, IT p\ .001). Participants from Sweden
also most frequently mentioned the benefit of infection
control (UK p\ .001, IT p\ .001, DE p\ .001).
Participants from Italy wrote the least about this topic
(UK p\ .001, DE p\ .001). Participants from the UK
were most likely to write about ‘‘virtual care’’ (SE p
\ .001, IT p\ .001, DE p\ .001), while participants
from Sweden were least likely (IT p\ .001, DE p=.04).
Participants from Italy wrote the most about ‘‘patient-
doctor interaction’’ (UK p\ .001, SE p\ .001, DE p
\ .001), while participants from Sweden wrote the least
about it (UK p\ .001, DE p\ .001). Participants from
Sweden were also the least likely to mention ‘‘timeliness’’
(UK p\ .001, IT p\ .001, DE p\ .001). When compar-
ing eHealth literacy levels, participants with low eHealth
literacy significantly less frequently contributed to the
topics ‘‘virtual care’’ (p=.02), ‘‘patient-doctor interac-
tion’’ (p=.03) and ‘‘no answer provided’’ (p=.04).

Challenges of Virtual Primary Care

The eight topics identified by the LDA concerning chal-
lenges of virtual care technologies were (1) diagnostic dif-
ficulties, (2) physical examination, (3) digital health risks,
(4) technical challenges, (5) virtual care, (6) data security
and protection, (7) lack of personal contact, and (8) no
answer provided (Figure 4, 1–8). As described above, the
word clouds (Figure 5, 1–8) provide an alternative visual
representation of the topics identified by the LDA in
Figure 4 showing additional, less frequently mentioned
terms of the clusters at the edges of the clouds.

Table 2. Characteristics of survey respondents.

Variables Total (n = 6,331)

Sex
Male 3,059 (48.3%)
Female 3,272 (51.7%)

Age-groups
18 to 24 505 (8.0%)
25 to 34 998 (15.8%)
35 to 44 1,001 (15.8%)
45 to 45 1,140 (18.0%)
55+ 2,687 (42.4%)

Ethnicity
White 3,827 (60.4%)
Mixed/multiple ethnic groups 150 (2.4%)
Asian 77 (1.2%)
Black/African/Caribbean 27 (0.4%)
Other 51 (0.8%)
Skipped due to GDPR 2,199 (34.7%)

Country
Germany 2,161 (34.1%)
United Kingdom 2,024 (32.0%)
Italy 1,131 (17.9%)
Sweden 1,015 (16.0%)

eHealth literacy
High literacy 834 (13.2%)
Low literacy 5,497 (86.8%)
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The statistical analysis (Supplemental Figure 3, 1–4)
indicated that women were significantly (p=.008) less
likely to mention ‘‘technical challenges’’ than men. A
comparison of age groups showed that 25 to 34-year-olds
had a peak in responses to the topic ‘‘physical examina-
tion,’’ which was significantly higher compared to the 45
to 54 (p=.03) and 55+ (p=.01) age groups. The over-
55-year-olds were significantly more likely to write about
‘‘virtual care’’ compared to the 25 to 34 (p=.004) and 35
to 44 (p\ .001) age groups. The cross-country

comparison showed that participants from Sweden men-
tioned ‘‘diagnostic difficulties’’ (UK p=.009, IT p
\ .001, DE p\ .001), participants from the UK ‘‘virtual
care’’ (IT p=.02, SE p=.001, DE p\ .001) and partici-
pants from Germany ‘‘data security and protection’’
(UK p\ .001, IT p=.019, SE p\ .001) significantly
more often than participants from other countries. When
comparing eHealth literacy, participants with low
eHealth literacy were significantly less likely to contrib-
ute to the topic ‘‘virtual care’’ (p=.047).

Figure 2. The bar graphs 1 to 8 depict the results of the eight-topic LDA regarding the benefits of virtual primary care; with the topic
labels identified by the researchers and the ten most frequently mentioned terms (one-gram and two-gram) for each topic.
Beta = probability distribution.
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Sensitivity Analysis

The sensitivity analysis allowed an assessment of the
impact of varying the number of topics of the LDA model
on the quality and interpretability of the identified topics.
When focusing on the benefits of virtual care technologies,
an exploration of nine topics resulted in a new topic
‘‘health services’’ and some minor modification in the
probabilities of the top terms for each topic, while main-
taining consistency of the topic headlines (Supplemental
Figure 4.1). Increasing the number to ten topics intro-
duced two new topics, namely ‘‘keeping safe at home’’ and
‘‘avoiding contact in surgery’’ (Supplemental Figure 4.2).

Regarding the challenges of virtual care, the explora-
tion of an LDA model with nine topics introduced two

additional topics, namely ‘‘digital access’’ and ‘‘patient-
doctor interaction.’’ The latter topic highlights the chal-
lenge of missing symptoms due to the absence of thor-
ough physical examinations. Simultaneously, the topic
‘‘digital health risks’’ disappeared. However, increasing
the number of topics to ten, reintroduced the latter topic
(Supplemental Figure 5.2).

Interpretation of the connection between the terms
became increasingly difficult with the exploration of a
higher number of topics as the topic boundaries became
less distinct. For example, labeling ‘‘avoiding contact in
surgery’’ was difficult, as the terms ‘‘people,’’ ‘‘surgery,’’
and ‘‘infect’’ per se do not suggest a straightforward

Figure 3. Word clouds (1–8) corresponding to each topic identified by the Latent Dirichlet Allocation model regarding the benefits of
virtual care.
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context. The topic thus also overlaps with the topic
‘‘reducing contacts’’ which raises the question of whether
it is a meaningful, coherent, distinct theme (Supplemental
Figure 4.2). Similarly, within the challenges, labeling the
topic ‘‘patient-doctor interaction’’ was difficult as the
terms ‘‘patient’’ and ‘‘doctor’’ do not signify a challenge.
Other terms such as ‘‘examine,’’ ‘‘assess,’’ and ‘‘physi-
cally’’ can also associated with other topics such as ‘‘phys-
ical examination’’ and ‘‘diagnostic difficulties.’’

Discussion

Key Findings

The analysis of the benefits of virtual care revealed eight
prominent topics, namely primary care delivery, infec-
tion control, reducing contacts, virtual care, timeliness,
patient-doctor interaction, convenience and safety, and
no answer provided. The statistical comparison between
age groups, sex, countries of residence and eHealth

Figure 4. The bar graphs 1 to 8 depict the results of the eight-topic LDA regarding the challenges of virtual primary care; with the topic
labels identified by the researchers and the ten most frequently mentioned terms (one-gram and two-gram) for each topic.
Beta = probability distribution.
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literacy generally showed the most significant differences
between countries. Participants from Sweden were most
likely to mention primary care delivery, from the UK
virtual care and from Italy patient-doctor interaction.
The benefit of infection control was mentioned most
often by the youngest age group (18–24 years) and by
participants from Sweden.

Regarding the challenges of virtual primary care, the
identified topics encompassed diagnostic difficulties,
physical examination, digital health risks, technical chal-
lenges, virtual care, data security and protection, lack of
personal contact, and no answer provided. The country
comparison again showed the most statistically signifi-
cant differences within each topic. In Sweden diagnostic
difficulties were most significantly mentioned, in the UK
it was virtual care, and in Germany, it was data security
and protection. Technical challenges were most signifi-
cantly cited by male participants, and challenges of

virtual care were mentioned most by respondents with
high eHealth literacy.

Discussion and Comparison With Previous Literature

Systematic reviews have shown that, in general, there is a
high acceptance and satisfaction among patients regard-
ing the use of virtual care in primary health care
(Bashshur et al., 2016; Carrillo de Albornoz et al., 2022;
Versluis et al., 2022). Some also underlined the profound
impact of the COVID-19 pandemic on virtual care
patients and practices (Bashshur et al., 2016; Carrillo de
Albornoz et al., 2022; Zimbroff et al., 2021).

Even before the pandemic, participants of qualitative
studies have reported good satisfaction, convenience and
timeliness of virtual care (Atherton et al., 2018;
Johansson et al., 2017; Mold et al., 2019). Previous find-
ings have also shown an increase in virtual care services

Figure 5. Word clouds (1–8) corresponding to each topic identified by the LDA regarding the challenges of virtual care.
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with higher experience rates in men, participants with
higher literacy and participants from Germany (Neves
et al., 2021). Efficiency and timeliness were perceived to
be most positively influenced by virtual care technologies
(Neves et al., 2021). The results of our study have shown
that the challenges of the COVID-19 pandemic translate
into a new set of perceived benefits that were not previ-
ously expressed. Themes such as reducing physical con-
tact and containing the spread of infections are now
central to users’ concerns, potentially highlighting the
increased public health and safety risk perception intro-
duced by the pandemic (Schneider et al., 2021).

Among the challenges, prominent themes revolved
around the lack of personal contact, physical examina-
tion and diagnostic difficulties, underlining that despite
the digitalization of healthcare, a personal patient-
provider relationship is essential and may be at risk
through online communication. Virtual consultations
may therefore not be equally suitable for all medical sce-
narios. Previous findings have shown that patients and
healthcare providers consider online consultations unsui-
table for initial diagnosis, and rare and unpredictable
conditions (Greenhalgh et al., 2018; Wherton et al.,
2020). It was found that patient preferences for virtual
consultations were dependent on a variety of factors
such as age, technology access, their situation of care,
their expectations of care, the demands on the patient
and the resources to allocate care (Gilbert et al., 2021;
Reed et al., 2020).

Participants’ viewpoints on the benefits and chal-
lenges of virtual care technologies are shaped by their
unique approaches to information processing (Vuong,
2023). How they absorb, process and interpret informa-
tion is dependent on their existing e-Health knowledge,
experiences with technology, cultural backgrounds, and
cognitive biases. Furthermore, external factors, such as
the implications of the COVID-19 pandemic, have the
potential to trigger shifts in the perception of the benefits
and challenges. For instance, the low eHealth literacy of
86.8% of participants may have influenced the perceived
benefits and challenges of using virtual care. Participants
with low eHealth literacy may have difficulty under-
standing and navigating digital health platforms and
using virtual care services and therefore might have expe-
rienced more challenges in using virtual care technologies
than benefits. There is also the possibility that partici-
pants with low eHealth literacy may have provided less
detailed, accurate and comprehensive responses, which
could have affected the LDA model topics by leading to
a narrower or distorted representation of perceptions of
virtual care.

Significant differences in the frequency of mentioning
the different themes of benefits and challenges occurred
between countries. This could be related to several

factors, such as differences in the structure of the pri-
mary care system, the speed and extent of the national
roll-out of virtual care during the COVID-19 pandemic,
the respective status of digital maturity before the pan-
demic, the general policy response to COVID-19, or the
survey administration in different languages. For exam-
ple, in 2019, the UK and Sweden ranked ahead of Italy
and Germany in the speed of digitizing their national
health systems (Bertelsmann Stiftung, 2019). Having
strategies to strengthen virtual care already years before
the pandemic, respondents from the UK may have had
more experience with virtual care and thus may have
mentioned the lack of personal contact and risks to data
and protection significantly less than respondents from
Germany and Italy (NHS England, n.d.).

It remains to be answered to which extent the cross-
country differences were influenced by the individual
user preferences or the systemic factors mentioned above.
Future research may focus on elaborating on these quan-
titative findings using qualitative approaches. More
international studies that consider digitalization indices,
indices on health systems performance and virtual care
user profiles are needed to guide future policy decisions
and identify best-practice examples.

Strengths and Limitations

This is the first large sample size international study to
explore the patient perspective on the benefits and chal-
lenges of using virtual care in primary care during the
COVID-19 pandemic. Our findings contribute to better
identification of the lessons learned and inform rapid
improvements in policy and practice of virtual primary
care. The results underline the increasing relevance of
digital health technologies in primary care and the grow-
ing acceptance and demand among patients. However,
the study also highlights the risks that arise from their
use, such as threats to privacy, inaccurate diagnoses, or
the lack of personal contact. Future research may focus
on the implications of the different technological modal-
ities, examining changes in the patient-doctor relation-
ship, and considering the long-term impact of virtual
care beyond the pandemic.

While various variables on patient characteristics were
included, data on implications of individual technologies
(e.g., phone, video, web-based) was not collected. As the
study did not collect data before the pandemic, it is diffi-
cult to examine possible changes in use and perspectives
triggered by the pandemic or to make comparisons over
time. Further, common limitations of survey designs
such as social desirability, self-reported recall, and self-
selection apply.

Topic modeling and statistical analysis emulated
quantitative analysis to analyze the large data set.
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Human interaction in pre-processing, choosing the LDA
model and topic labeling was necessary for the LDA
model because the exclusive use of statistical tools and
computation risks losing the semantic structure of the
data. While the algorithm provided an overview of repre-
sentative topics, granular insights on patient perception,
as well as contextual and domain-specific analysis were
not possible. Translating survey responses from different
languages into English using artificial intelligence soft-
ware may have affected the topic modeling. For exam-
ple, the translation may have introduced errors or
variations in the original language usage and cultural
nuances, as well as changes in contextual information
that were not captured by the algorithms and may have
led to misinterpretation and loss of meaning of the infor-
mation, resulting in bias or inaccuracy in the derived
topics. Following previous criticisms of the use of the-
matic modeling, there may be cause for skepticism about
the degree to which topics match textual statements in
the LDA results (Mimno et al., 2011). Reasons for this
could be that topics such as ‘‘primary care delivery,’’
‘‘virtual care,’’ and ‘‘patient-doctor interaction’’ consist
of a heterogeneous mix of words. However, it could also
be argued that these topics underline the importance of
different areas of application of virtual care and the vari-
ety of virtual services to patients. Future research should
evaluate how the method compares with traditional,
non-automated thematic analysis; this could be achieved
by analyzing the responses using traditional thematic
analysis and comparing the results in what concerns both
content and granularity and exploring the potential for
synergies using both methods as complementary
approaches.

Overall, this study contributes to the growing body of
knowledge on virtual care in primary care during the
COVID-19 pandemic. It underscores the importance of
incorporating the patient perspective in understanding
the benefits and challenges of virtual care highlighting
areas for improvement in policy and practice.
Recommendations for its future practice include enhan-
cing eHealth literacy in patients and healthcare profes-
sionals, introducing hybrid models that combine virtual
and in-person care to balance out personal interaction
and remote convenience, improving the user-centered
design of virtual care technologies and defining clear
medical needs for their application. Maintaining trust in
virtual technologies is essential, thus data security and
privacy are vital. Differences among age groups, gender,
and countries of residence were observed, indicating that
preferences and priorities regarding virtual care may
vary based on these factors. Our findings underline the
increasing relevance of topic modeling in identifying key
issues as part of an automated exploratory approach. By

learning from this major real-life experiment of digital
care, we can better shape the future of virtual care deliv-
ery in a post-pandemic world.
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