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Abstract

Background Telehealth holds the potential to expand healthcare access for people who use drugs (PWUD).
However, limited data exist on their digital infrastructure access, a prerequisite for telehealth participation. We studied
digital healthcare accessibility among PWUD.

Methods We employed respondent-driven sampling to recruit 162 PWUD in Athens, Greece to assess current
internet and computer access and telemedicine experience via a structured questionnaire. Participants were at
least 18 years with an injection drug use (IDU) history. We utilized logistic regression to evaluate sociodemographic
associations.

Results Participants'mean (SD) age was 45.9 (8.8) years, 84.0% were male, 90.1% Greek, 77.8% reported IDU within
the past year, 85.2% were not linked to opioid treatment, and 50.0% were experiencing homelessness. Only 1.9%

had telemedicine experience. Internet and computer access were reported by 66.0% and 31.5%, respectively. Most
(77.9%) used mobile phones for internet access. Compared to participants with secure housing, those experiencing
homelessness reported decreased internet (50.6% vs. 81.5%, p <0.001) and computer access (11.1% vs. 51.9%,
p<0.001). Multivariable analyses revealed that older age (per 1-year increase: OR=0.94, 95% (I [0.89, 0.99], p=0.03)),
IDU within the past year (0.29 [0.10, 0.88], p=0.03), and homelessness (0.29, [0.13, 0.65], p=0.003) were associated with
lower odds of internet access.

Conclusions Two-thirds of PWUD accessed the internet, mainly via mobile phones, while only one-third gained
access through a computer. Very few PWUD used telemedicine. Homelessness, recent IDU, and older age may further
limit digital infrastructure access and should be considered when designing equitable digital healthcare solutions for
PWUD.
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Background

People who use drugs (PWUD) are an underserved
population facing health disparities, including reduced
healthcare access and discrimination within conven-
tional medical settings [1]. They frequently report unmet
healthcare needs and predominately utilize emergency
services when their health conditions deteriorate sig-
nificantly [2, 3]. Healthcare inequalities for PWUD are
largely driven by stigma in medical settings and other
barriers, including provider mistrust, economic chal-
lenges, chaotic lifestyles, and competing priorities [4—6].
Consequently, PWUD experience excess mortality, up to
16 times higher than the general population [7]. Much of
this excess mortality is attributed to preventable causes,
such as infectious diseases, including HIV and hepati-
tis C virus (HCV) infections, which impose substantial
burden on PWUD [8]. Limited access to HIV and HCV
treatment can greatly increase the risk of complications
from these infections [9-11]. Addressing health dispari-
ties and expanding access to medical services for PWUD
are essential for improving PWUDs’ health outcomes
[12].

Digital healthcare offers a relatively innovative
approach to improving healthcare access by reduc-
ing geographical and temporal barriers [13, 14]. How-
ever, the digital divide is a critical consideration for the
engagement of underserved populations in digital health-
care [15, 16]. The digital divide refers to persisting health-
care disparities in digital healthcare access due largely to
the influence of social determinants of health [17]. Thus,
PWUD may continue to have poor health outcomes due
to reduced access to digital healthcare, mirroring the
barriers to accessing healthcare in conventional health
systems [18]. While digital healthcare opens avenues for
more accessible and inclusive healthcare, ensuring equi-
table distribution of digital healthcare is crucial when
seeking to engage underserved populations.

Telehealth solutions are increasingly being investigated
to provide medical and behavioral support for PWUD,
particularly in the areas of HIV, HCV, substance use
treatment, and mental health [19-23]. Research indicates
that telehealth interventions among PWUD have shown
considerable effectiveness and high levels of patient sat-
isfaction [24-30]. There is a reasonable expectation that
healthcare access for PWUD could be enhanced through
telehealth, extending to primary care and chronic condi-
tion management, potentially addressing other prevent-
able causes of excess morbidity and mortality. However,
limited access to the internet and the requisite digital
infrastructure for telehealth contribute to the digital
divide for PWUD [31]. Low digital and healthcare lit-
eracy are also important considerations for PWUD in
accessing digital healthcare services [32]. To date, there is
limited research on digital healthcare accessibility among
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PWUD. Investigating the population’s internet and digi-
tal infrastructure access and identifying potentially influ-
ential factors are essential for tailoring digital healthcare
interventions specifically for PWUD.

We aimed to explore digital healthcare accessibility
among PWUD and to potentially identify factors con-
tributing to the digital divide. Specifically, we sought to
answer what are the current levels of internet and com-
puter access, as well as prior experiences with telemedi-
cine, among PWUD in Athens, Greece. Recent studies
highlight PWUD in Greece as a population with rapidly
increasing mortality rates, underscoring the urgent need
for improved healthcare access [33]. Since universal
healthcare systems seek to provide equitable healthcare
access to all individuals, especially the underserved, and
due to a lack of relevant data, we pursued this investiga-
tion in Greece [34, 35]. These findings intend to inform
policy and guide the development of strategies to ensure
equitable digital healthcare distribution for PWUD and
other underserved populations.

Methods

Between June and July 2023, we conducted a cross-
sectional study to assess digital healthcare accessibil-
ity, including internet and digital infrastructure access,
as well as experience with telemedicine among PWUD
in Athens, Greece. The study protocol was approved by
the Institutional Review Boards of the Hellenic Scientific
Society for the Study of AIDS, Sexually Transmitted and
Emerging Diseases and the University at Buffalo. The
study adhered to the Helsinki Declaration principles. We
received and archived written informed consent from
all study participants prior to their participation. We
assessed, using an eligibility screener, whether partici-
pants met the inclusion criteria of being at least 18 years
old, having a history of injection drug use (IDU), Greek
verbal fluency, and the ability to provide informed con-
sent. We defined PWUD as participants who had ever
engaged in IDU. No participants were excluded due to a
lack of Greek verbal fluency.

Questionnaire development

Three experienced interviewers (Z.P., E.D., V.T.) admin-
istered a structured questionnaire that included sections
on sociodemographic characteristics, drug use history,
utilization of conventional medical care, internet and
digital infrastructure access, as well as experience with
telemedicine. The questionnaire employed in this study
was specifically developed for this investigation, with
select elements adapted from existing instruments and
tailored to ensure relevance for the study population. The
questionnaire has not been published elsewhere, and the
full English version can be found in Additional file 1. We
based the sections on sociodemographic characteristics
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and history of drug use on an instrument used in a large
study among PWUD in Greece [36]. The instrument was
based on the National HIV Behavioral Surveillance Sys-
tem for PWUD, implemented throughout the United
States, and modified for relevance to Greek PWUD. We
adapted the remaining questionnaire sections and ques-
tions from publications of the European Patients’ Forum
and the Eurostat Model questionnaires as well as from
those used in prior studies [37—39]. Before deploying the
questionnaire, we performed cognitive testing by admin-
istering the questionnaire to five study-eligible individu-
als. Based upon the testing results, we slightly modified
the questionnaire to ensure clarity and comprehension
for the study population.

Recruitment of participants

We recruited participants through respondent-driven
sampling (RDS), a chain referral methodology used to
reach “hidden” or difficult-to-reach populations, in which
research participation involves illegal or stigmatized
behaviors [40]. In RDS, respondents recruit their peers.
Its implementation begins with a limited number of ini-
tial recruits or “seeds” [41]. Each seed receives three cou-
pons and is asked to recruit three additional PWUD. If
the recruits are study-eligible and agree to participate,
they subsequently can become recruiters, with the pro-
cess continuing until the desired sample size is achieved
[42]. To select initial seeds, the research team collabo-
rated with colleagues from community organizations,
including the “Prometheus” Hellenic Liver Patient Asso-
ciation, the “My Athens” shelter for PWUD experiencing
homelessness, the “Positive Voice” association of people
living with HIV, and the “Network of Peer Users of Psy-
choactive Substances” These organizations shared study
information within their networks, facilitating a warm
hand-off process through which potential participants
connected with the research project manager (Z.P.). Sub-
sequently, the research team provided detailed informa-
tion about the study. Individuals who expressed interest
and met the eligibility criteria were enrolled as seeds.
Recruits received a primary incentive of 10 euro for study
participation followed by secondary incentives of up to
15 euro for subsequent recruitment activities.

Questionnaire administration

The interviews were conducted on the premises of the
Hellenic Liver Patients Association “Prometheus” in
downtown Athens, in a quiet and private setting, with
only the interviewers and participants present. The ques-
tionnaire administration had a maximum duration of
60 min, and the mean time to complete the questionnaire
was 23.7 min (SD=9.2). During the interview, partici-
pants sat in front of a computer displaying the questions,
allowing them to read independently, while interviewers
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sat beside them, reading the questions out loud and offer-
ing clarification or assistance with comprehension as
needed. The interviewers directly entered participants’
responses into a password-encrypted, secure computer
database. All responses provided were participants’ self-
reports. Interviewers determined participants’ housing
status by asking them if they were currently living on the
street, in abandoned buildings, or in shelters. Partici-
pants who responded affirmatively were grouped as par-
ticipants who were currently experiencing homelessness.

Study outcomes

The main study outcomes included digital infrastructure
access, defined as current internet and computer access,
as well as experience with telemedicine. We assessed the
main study outcomes based on participants’ self-reported
responses on the corresponding sections of the question-
naire. Secondary study outcomes included exploration of
PWUDs’ perceptions about telemedicine, including per-
ceived benefits, limitations, and willingness to engage in
a telemedicine encounter.

Statistical methods

We initially described participants’ characteristics and
questionnaire responses using mean values and standard
deviation (SD) or counts and percentages, as appropri-
ate. We obtained crude and RDS-weighted (RDS-II)
estimates of the main outcomes along with the corre-
sponding 95% confidence intervals (CIs) [43]. For the
95% ClIs of the weighted estimates, we used bootstrap
with 1,000 replications [44]. Since 50% of our sample
was experiencing homelessness, we assessed recruitment
homophily for PWUD experiencing homelessness, i.e.,
whether seeds more frequently recruited peers experi-
encing homelessness. Homophily values ranged from -1
to +1 (where +1 corresponds to always recruiting from
one’s own group [people experiencing homelessness])
and 0 corresponds to random recruitment. We compared
the responses of participants experiencing homeless-
ness versus those with secure housing using t-tests and
chi-squared tests, as appropriate. In addition, we per-
formed univariable and multivariable analyses on the fac-
tors associated with the main study outcomes of current
internet and computer access, using logistic regression,
to identify factors associated with digital access. Statisti-
cal calculations were performed using Stata (Stata Corp
LLC. 2023. Stata Statistical Software: Release 18. College
Station, TX), and p<0.05 was considered the cutoff for
statistical significance.

Results

Sociodemographic characteristics and injection drug use
In total, 162 PWUD participated in the study (of these,
7 were RDS seeds and 155 recruits) (Table 1). One seed
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Table 1 Sociodemographic characteristics, injecting drug use history, and participation in substance use treatment programs among
people who use drugs (N=162) recruited in Athens, Greece, according to housing status

Characteristic Total According to housing status p
(N=162) Not experiencing Experiencing
homelessness homelessness
(N=81) (N=81)
A. Socio-demographic characteristics

Age (years), mean (SD) 459 (8.8) 456 (8.1) 46.2 (9.6) 0.65

Sex, n (%) 0.20
Men 136 (84.0) 65 (80.3) 71(87.7)

Women 25 (15.4) 16 (19.8) 9(11.1)
Transgender 1(0.6) 0(0.0) 1(1.2)

Reside in Athens, Greece n (%) 157 (96.9) 77 (95.1) 80 (98.8) 0.08

Ethnicity, n (%) 0.23
Greek 146 (90.1) 76 (93.8) 70 (86.4)

Other 15(9.3) 5(6.2) 10(12.3)
Refused to answer/ don't know 1(0.6) 0(0.0) 101.2)

Employment status, n (%) 0.16
Employed/Student/Retired 17 (10.5) 12(14.8) 5(6.2)
Unemployed/Unable to work 142 (87.7) 67 (82.7) 75 (92.6)

Other 3(1.9) 2(25) 1(1.2)

Monthly household income?, n (%) <0.001
Up to 350€ 116 (71.6) 45 (55.6) 71 (87.7)
351-700€ 19(11.7) 17 (21.0) 2(25)

More than 701€ 24(14.8) 18(22.2) 6(7.4)
Refused to answer/ don't know 3(1.9) 1(1.2) 2(2.5)

Marital status, n (%) 0.01
Single 88 (54.3) 38 (46.9) 50 (61.7)

Partnered /Married 33(20.4) 24 (29.6) 9(11.1)
Divorced/Separated/Widowed 41 (25.3) 19 (23.5) 22 (27.2)

Highest education level, n (%) 0.45
Graduated primary school 38(23.5) 17 (21.0) 21(25.9)

Graduated high school 82 (50.6) 40 (49.4) 42(51.9)
Graduated college/university/Master/PhD 41 (25.3) 24 (29.6) 17 (21.0)
Refused to answer/ don't know 1(0.6) 0(0.0) 1(1.2)
B. IDU history

IDU in the past 12 months, n (%) 126 (77.8) 64 (79.0) 62 (76.5) 0.71

Frequency of IDU in the past 12 months, n (%) 0.87
At least daily 95 (58.6) 48 (59.3) 47 (58.0)

Less than daily 67 (41.4) 33(40.7) 34 (42.0)
At least daily IDU in past 12 months of the following, n (%)
Heroine/Thai 123 (75.9) 63 (77.8) 60 (74.1) 0.95
Cocaine 59 (36.4) 13(16.0) 11(13.6) 042
Buprenorphine 18(11.1) 8(9.9) 10(12.3) 0.60
Hallucinogens (i.e., LSD) 2(1.2) 2(2.5) 0(0) 0.01
Sisa/Methamphetamine 19(11.7) 8(9.9) 11(13.6) 045
Speedball 53(32.7) 28 (34.6) 25 (30.9) 0.87

Sharing syringes in the past 12 months, n (%) 0.28
No 137 (84.6) 71(87.7) 66 (81.5)

Yes 25(15.4) 10 (124) 15(18.5)
C. Participation in substance use treatment programs

Ever participated in a substance use treatment program, n (%) 140 (86.4) 71(87.7) 69 (85.2) 0.65

Ever participated in an OTP, n (%) 98 (60.5) 50 (61.7) 48 (59.3) 0.75

Currently participating in an OTP, n (%) 24(14.8) 12 (14.8) 12 (14.8) 0.91

Abbreviations: SD standard deviation, IDU injection drug use, LSD Lysergic acid diethylamide, OTP opioid treatment program
2For participants currently experiencing homelessness, household income was measured as if they lived alone
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did not recruit any participants; out of the six remain-
ing seeds, 3 (50.0%) were currently experiencing home-
lessness. PWUD currently experiencing homelessness
tended to recruit other peers experiencing homelessness
(homophily equal to 0.38).

The mean (SD) age of participants was 45.9 (8.8) years,
84.0% (136/162) were male and 90.1% (146/162) were
of Greek origin. In the past 12 months, 77.8% (126/162)
reported IDU, and 50.0% (81/162) identified as cur-
rently experiencing homelessness. Approximately 58.6%
(95/162) of participants had engaged in IDU at least daily
in the past 12 months including injecting heroin (75.9%,
123/162), cocaine (36.4%, 59/162), and speedball (32.7%,
53/162). Additionally, 86.4% (140/162) of participants
had previously attended a substance use treatment pro-
gram and 60.5% (98/162) had participated in an opioid
treatment program (OTP). However, only 14.8% (24/162)
currently attended an OTP.
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Conventional medical care

PWUD most frequently obtained healthcare at pub-
lic hospitals (86.4%, 140/162) (Table 2). Only 54.3%
(88/162) of participants indicated that they were cur-
rently under medical care. Approximately one-third
(28.4%, 46/162) of participants disclosed difficulty in
accessing healthcare within the past year. 43% (70/162)
of participants reported geographical barriers that
required travel to another city, region, or country for
healthcare. Furthermore, 56.8% (92/162) disclosed prior
negative interactions with healthcare staff largely (88.0%,
81/92) attributed to previous substance use and associ-
ated stigma. Undesirable interactions included nega-
tive healthcare staff attitudes (88.0%, 81/92), refusal to
administer treatment (39.1%, 36/92), and use of inappro-
priate language (38.0%, 35/92).

Digital infrastructure access
The majority (89.5%, 145/162) of study participants had
previously accessed the internet, primarily through

Table 2 Access to conventional medical care and healthcare barriers among people who use drugs (N=162) recruited in Athens,

Greece, according to housing status

Characteristic Total According to housing status p
(N=162)  Not experiencing Experiencing
homelessness homelessness
(N=81) (N=81)
A. Conventional medical care access
Participants currently under care for their healthcare conditions, n (%) 88 (54.3) 43 (53.1) 45 (55.6) 0.75
Participants who had visited a healthcare provider within the past 3 months, n (%) 85 (52.5) 37(45.7) 48 (59.3) 0.08
Participant rating of level of difficulty in obtaining healthcare services within the past 12 0.04
months, n (%)
Easy or very easy 79 (48.8) 39 (48.2) 40 (49.4)
Moderate 25(15.4) 16 (19.8) 9(11.1)
Difficult or very difficult 46 (284)  17(21.0) 29(35.8)
I did not seek healthcare services within the past 12 months 12(74) 9(11.1) 3(3.7)
Where participants last accessed a healthcare provider, n (%) 0.02
At a public hospital 140 (864) 64 (79.0) 76 (93.8)
At private medical practice 2(74) 11(13.6) 1(1.2)
At a health center 3(3.7) 2(2.5)
Other 3(3.7) 2(2.5)
B. Healthcare barriers
Participants who reported geographical obstacles?, n (%) 70 (43.2) 37 (45.7) 33 (40.5) 0.53
Participants who reported a negative experience when accessing healthcare, n (%) 92 (56.8) 41 (50.6) 51 (63.0) 0.11
Participants attributed the negative experience to, n (%)
Drug use history® 81 (88.0) 36 (87.8) 45 (88.2) 0.95
Income/social status® 20 (21 6 (14.6) 14 (27.4) 0.14
Participants reported the following types of negative experiences, n (%)
Attitude of healthcare staff° 81 (88.0) 37(90.2) 44 (86.3) 0.56
Refusal to provide me with treatment® 36 (39.1) 13(31.7) 23 (45.1) 0.19
Inappropriate language® 35(380) 22 (53.7) 13 (25.5) 0.006
Denial of my rightsb 16 (17.4) 6 (14.6) 10 (19.6) 0.53

“Defined as the need to travel to another region, city, or country for healthcare

bCalculated as the proportion of participants (N=92) who reported negative experiences when accessing healthcare
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mobile phones (77.9%, 113/145) or through computers
(20.0%, 29/145) (Table 3). Participants most frequently
used broadband as opposed to narrowband connections.
Among participants who previously accessed the inter-
net, most reported use within the past 3 months (77.2%,
112/145) with the majority reporting daily use (67.9%,
76/145).

Among all participants, approximately two-thirds
(66.0%, 107/162, 95% CI [58.2-73.3]) reported current
internet access (RDS-weighted prevalence: 68.7%, 95%
CI [53.7-81.3]). Compared to participants with secure
housing, we observed significantly lower current internet
access among those currently experiencing homeless-
ness (81.5%, 66/81 vs. 50.6%, 41/81, p<0.001). In multi-
variable analysis, we observed that current homelessness
(0.29, 95% CI: [0.13, 0.65], p=0.003), increasing age (per
1-year increase: 0.94, 95% CI: [0.89, 0.99], p=0.03) and
IDU within the past 12 months (0.29, 95% CI: [0.10, 0.88],
p=0.03) were associated with decreased odds of current
internet access (Table 4).

Overall, 31.5% (51/162) of participants reported cur-
rent computer access. Compared to participants with
secure housing, we observed significantly lower current
computer access among those experiencing homelessness
(51.9%, 42/81 vs. 11.1%, 9/81, p<0.001). In multivariate
analysis, we observed that current homelessness (0.17
[0.07, 0.41], p<0.001) was associated with decreased
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odds of current computer access (Table 4). Overall,
the majority of participants (77.9%, 113/162) had used
mobile phones to access the internet, with no statistically
significant differences between those experiencing home-
lessness and those with secure housing (78.6%, 55/81 vs.
77.3%, 58/81, p=0.608). Multivariable analyses revealed
that older age (per 1-year increase: OR=0.91, 95% CI
[0.87, 0.96], p=0.001)) and IDU within the past year (0.29
[0.10, 0.84], p=0.023) were associated with lower odds of
internet access through mobile phones.

Experience with telemedicine

Very few participants had ever used (1.9%, 3/162), and
less than half (46.3%, 75/162) had familiarity with tele-
medicine (see Additional file 2). Initially, most (71.0%,
115/162) participants indicated their preference to par-
ticipate in telemedicine encounters in their homes. When
provided the choice of participating in a telemedicine
encounter in an OTP, most (136/162, 84.0%) participants
endorsed receiving care through telemedicine in that
setting.

Participants perceived telemedicine to be of high value
due to its time-saving nature by eliminating the need to
travel to an appointment (87.0%, 141/162), the conve-
nience of being able to participate from anywhere (84.6%,
137/162), reduced provider wait times (84.0%, 136/162),
and reduced infection exposure risk by avoiding

Table 3 Digital infrastructure access among people who use drugs (N=162) recruited in Athens, Greece, according to housing status

Characteristic Total According to housing status p
(N=162) Not experiencing Experiencing
homelessness homelessness
(N=81) (N=81)
Participants who had ever accessed the internet, n (%) 145 (89.5) 75 (92.6) 70 (86.4) 0.20
Participants’ most frequently used device to access the internet?, n (%) 0.63
Mobile phone 113(77.9) 58 (77.3) 55 (78.6)
Computer 29 (20.0) 15 (20.0) 14 (20.0)
Participants' use of the following types of internet connections?, n (%)
Broadband connections e.g., ADSL, VDSL, public Wi-Fi connections, mobile 82 (56.5) 56 (74.6) 26 (37.1) <0.001
phone
Narrowband connection e.g., via mobile phone network less than 3G 55(37.9) 34 (45.3) 21(30.0) 0.03
Participants last used the internet?, n (%) 0.03
Within the last 3 months 112 (77.2) 64 (85.3) 48 (68.6)
Between 3 months and one year ago 18(124) 4(53) 14 (20.0)
More than 1 year ago 14 (9.6) 6 (8.0) 8(11.4)
Participants average use of the internet within the last 3 months® n (%) 0.66
Every day or almost every day 76 (67.9) 45 (70.3) 31 (64.6)
At least once a week (but not every day) 26 (23.2) 14 (21.9) 12 (25.0)
Less than once a week 9(8.0) 4(6.2) 5(104)
Participants who have current internet access, n (%) 107 (66.0) 66 (81.5) 41 (50.6) <0.001
Participants who have current computer access, n (%) 51(31.5) 42 (51.9) 9(11.1) <0.001

Abbreviations: ADSL asymmetric digital subscriber line, VDSL very high-speed digital subscriber line, 3G third generation mobile telephone

Calculated as the proportion of participants (N=145) who reported ever accessing the internet

bCalculated as the proportion of participants (N=112) who reported last use of the internet within the past 3 months
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Table 4 Logistic regression results to identify factors associated with current internet, computer, and mobile access among people
who use drugs (N=162) recruited in Athens, Greece

Odds Ratio 95% ClI p
A. Current internet access
Age 0.94 [0.89,0.99] 0.03
In the past 12 months, did you use intravenous drugs other than those prescribed to you for medical reasons?
No 1.00
Yes 0.29 (0.10,0.88] 0.03
Are you currently experiencing homelessness??
No 1.00
Yes 0.29 [0.13,0.65] 0.003
How many years have you attended school? 1.13 [0.96, 1.33] 0.15
What is your ethnicity?
Greek 1.00
Non Greek 1.23 [0.31,4.81] 0.77
What best describes your employment status?
Employed/Student/Retired 1.00
Unemployed/Unable to work 0.63 [0.17,2.33] 0.49
Marital status
Single 1.00
Relationship/Married 138 [0.50, 3.86] 0.54
Divorced/Separated/Widowed 1.59 [0.60,4.21] 0.35
B. Current computer access
Age 094 (0.88,1.00] 0.05
In the past 12 months, did you use intravenous drugs other than those prescribed to you for medical reasons?
No 1.00
Yes 1.90 [0.60, 6.07] 0.28
Are you currently experiencing homelessness?®
No 1.00
Yes 0.17 [0.07,041] <0.001
How many years have you attended school? 1.10 [0.90, 1.35] 036
What is your ethnicity?
Greek 1.00
Non Greek 042 [0.08, 2.28] 032
What best describes your employment status?
Employed/Student/Retired 1.00
Unemployed/Unable to work 0.25 [0.07,0.98] 0.05
Marital status
Single 1.00
Relationship/Married 1.79 [0.68,4.76] 0.24
Divorced/Separated/Widowed 0.77 [0.25,2.33] 0.64
C. Mobile phone usage for internet access
Age 091 (0.87,0.96] 0.001
In the past 12 months, did you use intravenous drugs other than those prescribed to you for medical reasons?
No 1.00
Yes 0.29 [0.10,0.84] 0.023
Are you currently experiencing homelessness?®
No 1.00
Yes 0.74 [0.34,1.63] 0452
How many years have you attended school? 097 [0.82,1.14] 0.682
What is your ethnicity?
Greek 1.00
Non Greek 1.11 [0.28,4.39] 0.886

What best describes your employment status?
Employed/Student/Retired 1.00
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Table 4 (continued)
Odds Ratio 95% ClI p
Unemployed/Unable to work 0.78 [0.20, 3.00] 0.720
Marital status
Single 1.00
Relationship/Married 0.98 [0.39, 2.48] 0.962
Divorced/Separated/Widowed 291 [1.05,8.06] 0.040

Abbreviations: C/ Confidence internal

2Currently experiencing homelessness defined as currently living on the street, in abandoned buildings, or in shelters

in-person visits (79.0%, 128/162) (see Additional files 3
and 4). Most participants (76.5%, 124/162) perceived the
inability to perform a physical examination as telemedi-
cine’s leading limitation. Other perceived limitations of
telemedicine included the lack of direct personal con-
tact (69.8%, 113/162), the need to use digital infrastruc-
ture for telemedicine participation (64.2%, 104/162),
and potential technical issues (61.1%, 99/162). Difficulty
trusting the doctor (39.5%, 64/162) and substandard
patient-doctor relationships (35.8%, 58/162) were the
least frequently perceived telemedicine limitations (see
Additional files 5 and 6).

Discussion

We pursued this investigation to evaluate digital health-
care accessibility among PWUD in Athens, Greece. We
found that the vast majority of study participants lacked
experience with telemedicine, consistent with results
obtained from most European countries [45]. When we
investigated digital infrastructure accessibility, we found
that two-thirds of participants reported currently con-
necting to the internet, while one-third reported current
computer access. In multivariate analysis, we identified
that current homelessness, older age, and IDU within
the past 12 months were associated with significantly
reduced internet and/or computer access among PWUD.
These findings highlight important considerations for the
expansion of digital health among underserved popula-
tions. Figure 1 describes several considerations for utiliz-
ing digital approaches to distribute healthcare equitably
to underserved populations.

One third of participants reported difficulty accessing
healthcare within the past year and only approximately
half indicated that they were under medical care at the
time of the questionnaire administration. Geographic
barriers and stigma were frequently cited as obstacles
to healthcare access in conventional healthcare venues,
consistent with prior studies [46—48]. When asked about
their perceptions of telemedicine compared to conven-
tional healthcare, most participants (54.9%, 89/162)
considered healthcare in conventional settings as supe-
rior, while approximately 20% perceived no differences
between the two modalities. Interestingly, despite lim-
ited prior experience with telemedicine, around 18%

considered telemedicine to be superior to conventional
care. This preference may stem from the barriers PWUD
disclosed in accessing healthcare, such as transportation
challenges and stigma, leading to distrust in the current
system and a search for alternative healthcare modalities.
However, the findings related to telemedicine should be
interpreted with caution, as participants generally lacked
formal experience with telemedicine. When asked about
the potential benefits and drawbacks of telemedicine,
participants were more concerned with digital infrastruc-
tural challenges rather than with the expression of empa-
thy through telemedicine. These perceptions align with
findings from both a staft-facilitated telemedicine model
for HCV care integrated into OTPs and a peer-facilitated
telehealth model for HIV care conducted in syringe ser-
vices programs. In both interventions, participants highly
valued empathy, trust, and telehealth’s destigmatizing
approach [27, 49].

Considering that stigma is a significant barrier to
healthcare access for PWUD, engendering trust and
empathy are key for effective healthcare delivery, includ-
ing through digital approaches [5, 27, 50]. With a sepa-
rate group of PWUD in Athens Greece, we conducted
focus groups for an indepth understanding of barriers
and facilitators of their digital health use. Focus group
participants suggested that an initial in-person appoint-
ment, eye contact during telehealth encounters, partner-
ships with PWUD-supportive community organizations,
and patient education could enhance trust in telehealth
[51]. Our current investigation also identified the need to
enhance patient education on telehealth and digital lit-
eracy, as direct telemedicine experience was nearly non-
existent (1.9%).

Internet access and digital infrastructure are absolute
requirements for digital health participation, yet limited
data exist on digital infrastructure access among PWUD.
A previous survey of 204 PWUD in Greece revealed that
over 90.0% had internet access [52]. Participants in that
study were recruited from substance use treatment pro-
grams, which may not represent the real-world experi-
ences of PWUD outside those supportive environments.
In contrast, only 14.8% (24/162) of participants in our
study were enrolled in an OTP. Since IDU is a potential
transmission route for HCV and HIV, tailored telehealth
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Fig. 1 Promotion of equitable digital healthcare distribution. Legend: People who use drugs (PWUD) are a medically underserved population who re-
ported encountering geographical obstacles and stigma in accessing healthcare in conventional settings. Digital healthcare simultaneously overcomes
geographical obstacles accompanied by a few empathy concerns. Therefore, the equitable distribution of digital healthcare services to PWUD is critical
to avoid worsening future healthcare access. In our investigation, we found that homelessness, increasing age, and injection drug use within the past 12
months were associated with reduced internet and digital infrastructure access. We also identified gaps in digital literacy. To promote equitable distribu-
tion of digital healthcare, thereby ensuring health equity, requires expansion of internet and digital infrastructure access for underserved populations and

addressing digital literacy gaps. Abbreviations: IDU, injection drug use.

interventions should be directed toward PWUD [53].
Our study sample, of whom the majority (77.8%, 126/162)
disclosed IDU within the past 12 months, is representa-
tive of the PWUD population that should be prioritized
in subsequent telehealth interventions.

Our study participants indicated that they predomi-
nately used mobile phones (77.9%) to access the inter-
net. Our findings align with a previous study in which
over 75% of participants used mobile phones to access
the internet [54]. In that study, most PWUD participants
received mobile phones through a government-sup-
ported program for low-income individuals, highlight-
ing the government’s central role in facilitating digital
healthcare access for underserved populations. However,
the frequent turnover of mobile devices due to theft or
resale among PWUD is an important consideration when
evaluating their suitability for digital healthcare access
[54]. This concern was further highlighted in our pre-
vious investigation, where we conducted focus groups
with PWUD in Athens, Greece [51]. In that study, par-
ticipants often sold their phones, making mobile-based
internet access unreliable, whereas computers were gen-
erally retained and safeguarded. While mobile internet

access among PWUD may not be a reliable modality for
establishing a sustainable telehealth program, our present
study indicates that computer access is also limited, with
only one-third of participants reporting access. Addition-
ally, other sociodemographic factors, such as older age,
IDU, and unemployment, may further impact PWUDs’
ability to utilize digital healthcare resources [30, 55, 56].
A potential solution to bridging the digital divide for
healthcare delivery to underserved populations is the
expansion of the facilitated telemedicine model. This
approach integrates digital healthcare services into set-
tings already familiar and accessible to PWUD, such as
OTPs, where digital infrastructure is embedded within
the program and telemedicine participation is supported
by case managers [25, 27]. While most study partici-
pants (84%) expressed a willingness to receive telemedi-
cine care in an OTDP, only 14.8% were currently enrolled
in such programs. The potential interest in telemedicine
may be partially attributed to prior positive experiences
with OTPs, as approximately 60% of study participants
had previously participated in such programs. Addi-
tionally, the reported barriers to accessing conventional
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healthcare may explain, at least in part, the high willing-
ness to receive telemedicine care in the OTP.

Our study sample included a substantial proportion
currently experiencing homelessness (50.0%), a difficult
population to enroll in research [57]. The homeless per-
centage was higher than in other studies among a similar
Athenian population, where rates of homelessness ranged
from 23.1 to 25.6% [36, 57]. The inclusion of PWUD
experiencing homelessness as seeds (i.e., three of six
actively recruiting study seeds), the moderate homophily
among participants experiencing homelessness and the
small sample size account for the over-representation of
this population subgroup. Nonetheless, the recruitment
of many participants experiencing homelessness enabled
us to investigate their digital healthcare accessibility and
insights into telemedicine for the first time. As expected,
we found that homelessness is associated with reduced
access to both conventional and digital healthcare.

Of the study limitations, potential selection bias may
arise from recruiting PWUD from downtown Athens
using RDS. As such, our sample may not be fully repre-
sentative of PWUD populations in other geographical
areas. Our study population was predominantly male
and exclusively Greek speaking. Male predominance is
commonly observed among the PWUD population and
has similarly been reported in other studies involving
PWUD in Greece [36, 58]. As a result, the generalizability
of our findings may be limited to other groups, such as
women, migrants, and non-Greek-speaking individuals.
These populations often face additional challenges, such
as childcare responsibilities, that limit healthcare visits,
financial and insurance restrictions, concerns related
to immigration status, and cultural and language barri-
ers [59]. Additionally, the limited telehealth experience
among participants (only 1.9%) presents a significant
limitation in interpreting their perceptions of telehealth,
which should be considered with caution. Participants’
responses, including the prevalence of HCV and HIV,
were self-reported, introducing potential ascertain-
ment bias [60]. Furthermore, individuals experiencing
homelessness are more susceptible to acquiring HIV and
HCV, which may have resulted in the high self-reported
prevalences observed in our study population [61]. The
ethical implications of using incentives in the RDS frame-
work have been debated. While some argue that incen-
tives may impose undue influence, existing research does
not support this claim [62]. Incentives play a key role in
encouraging participation and facilitating peer recruit-
ment, which is fundamental to RDS, as it relies on social
networks for referral-based enrollment. Studies indicate
that incentives are particularly effective in engaging hard-
to-reach populations, where leveraging social connec-
tions is essential for recruitment [63]. Furthermore, while
the questionnaire was adapted from well-established
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sources, it was not formally validated. Lastly, our sample
size was determined by practical constraints of recruiting
this hard-to-reach population while balancing the need
for adequate statistical power. Thus, the sample size was
calculated using as a primary endpoint the estimation of
the proportion of PWUD willing to use telemedicine with
a desired precision. The impact of participants’ charac-
teristics on the outcomes studied may vary depending
on their housing status. However, the sample size of the
study did not allow us to study this more thoroughly. For
our multivariable logistic regression analyses, we limited
the number of predictors to ensure a minimum of 10
events per variable. Consequently, for small effect sizes,
our study may have been underpowered. Our findings
regarding factors associated with the outcomes studied
should be considered exploratory and warrant confirma-
tion in larger studies.

Conclusions

Experience with telemedicine is nearly absent among
PWUD in Athens, Greece. Although two-thirds reported
having internet access, sociodemographic factors such as
homelessness, older age, and recent IDU were associated
with a lower odds of internet access, contributing to the
digital divide. Mobile phones were the primary means of
internet access; however, prior studies highlighting their
frequent sale or theft raise concerns about their reliabil-
ity for telehealth interventions. Additionally, fewer than
one-third of participants had access to a computer. These
findings suggest that a patient-level telemedicine model,
in which the individual operates the telemedicine equip-
ment themselves, may not be a sustainable or equitable
long-term solution for PWUD. Equitable telehealth strat-
egies for PWUD in Greece may require partnerships with
community organizations, and further research is needed
to explore effective digital healthcare implementation.

Abbreviations
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HCV Hepatitis C virus
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SD Standard deviation

oTP Opioid treatment program
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