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Abstract

Background: This survey study investigates surgical patients’ use and perception of digital health technologies in Germany in
the pre–COVID-19 era.

Objective: The objective of this study was to relate surgical patients’ characteristics to the use and perception of several digital
health technologies.

Methods: In this single-center, cross-sectional survey study in the outpatient department of a university hospital in Germany,
406 patients completed a questionnaire with the following three domains: general information and use of the internet, smartphones,
and general digital health aspects. Analyses were stratified by age group and highest education level achieved.

Results: We found significant age-based differences in most of the evaluated aspects. Younger patients were more open to
using new technologies in private and medical settings but had more security concerns. Although searching for information on
illnesses on the web was common, the overall acceptance of and trust in web-based consultations were rather low, with <50% of
patients in each age group reporting acceptance and trust. More people with academic qualifications than without academic
qualifications searched for information on the web before visiting physicians (73/121, 60.3% and 100/240, 41.7%, respectively).
Patients with academic degrees were also more engaged in health-related information and communication technology use.

Conclusions: These results support the need for eHealth literacy, health literacy, and available digital devices and internet access
to support the active, meaningful use of information and communication technologies in health care. Uncertainties and a lack of
knowledge exist, especially regarding telemedicine and the use of medical and health apps. This is especially pronounced among
older patients and patients with a low education status.

(JMIR Form Res 2022;6(5):e33985) doi: 10.2196/33985
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Introduction

Background
Information and communication technologies (ICTs) have
changed our private and professional lives and are also
increasingly being used in the health care sector [1,2]. ICTs
cover a wide range of technologies that are often also subsumed
under the term eHealth. da Fonseca et al [3] conducted a
systematic literature review to clarify the content of the term
eHealth. They formed 4 categories by classifying 446
publications with possible overlaps in content (mobile health
[mHealth], telemedicine and telehealth, technology, and other),
which we will adopt as the basic structure in this paper.

According to da Fonseca et al [3], mHealth includes the use of
smartphone apps to identify, treat, and support disease. The
scheduling of health examinations, use of wireless sensors to
monitor patients, and transfer of these data between settings
also fall under this category.

Under telehealth, the authors include interactions between
providers and patients via digital means. Although the use of
telehealth is highly dependent on the supply of health care
professionals, it is difficult to assess the acceptance and
engagement of patients receiving care in different settings.
Therefore, we did not focus on this in the survey.

The technology category by da Fonseca et al [3] covers the
encryption of patient medical data to protect them when they
are accessed on the web. Data protection in health care facilities,
the creation of system support, and the development of devices
to implement digital applications also fall under this category.
According to da Fonseca et al [3], the use of the Internet of
Things, cloud storage, and big data can also be assigned to this
category. This area is also very complex on the one hand and
controlled by institutions on the other and, therefore, is not the
focus of the survey.

The authors use the category Other to describe a combination
of previous practices in new areas and a focus on costs.

To focus especially on technologies that patients can use
independently and intrinsically, our survey focuses on the
category mHealth, covering fitness devices and mobile apps as
well as internet use and general digital health aspects. Fitness
devices are defined as fitness bracelets or fitness watches.

Patients are one of the main target groups for ICTs related to
health care. The use of ICTs can increase patients’ enlightened
participation by enabling them to take more active control of
their own health [4]. ICTs can enable better self-assessment of
health status and increase patient safety and involvement [5].

However, competencies and skills are necessary for patients to
use ICTs to improve their own health. In this context, health
literacy (HL) is important [6]. In the context of the COVID-19
pandemic and the associated spread of health-related
misinformation and widespread implementation of digital health
services such as video consults, the concept of HL has become
increasingly important [7,8]. Particularly in the context of the
increasing significance of ICTs in general and mobile apps in
particular, eHealth literacy (eHL) has become an even more

important concept than HL [9]. Incorporated into this concept
are the ability to navigate information on the internet and the
ability to self-manage ICT use. In addition, eHL includes
analytical competencies [10-12]. Another concept that is closely
related to eHL is digital health equity. This describes the
differences in the access to and use of ICTs between different
populations and groups. This concept is of greatest interest
regarding the increasing provision of digital health care as it
describes the possible exclusion of people who lack access to
and the ability to use ICTs [2,13].

The increased use of ICTs in various areas of life that occurred
during the pandemic in the context of social distancing [14] has
had significant implications for the issues considered in this
paper.

Objectives
During the COVID-19 pandemic, there has been a tremendous
increase in the use of eHealth technologies, such as video
consultations [15]. However, this trial was conducted in the
pre–COVID-19 era and provides an overview of the perception
of these new technologies in a representative cohort of surgical
patients. The aim of this pilot study was to illustrate the
patient-centered aspects of digital health technologies and their
use, dissemination, and acceptance depending on basic
patient-related sociodemographic data. Acceptance is defined
as the intention to use and, in some cases, as the actual use of
health technologies [16,17]. Therefore, we investigated how
surgical patients access and use digital health technologies and
how their use behavior differs among different population
subgroups.

Methods

Study Design
This single-center, cross-sectional survey study (Medical
Information and Communication Technology Use of Patients)
was conducted at the University Hospital Dresden, Germany,
in the Department of Visceral, Thoracic, and Vascular Surgery
between September 2019 and March 2020. A self-administered
questionnaire was developed in consultation with a statistician
and an expert in data management (Multimedia Appendix 1).
The questionnaire was pretested and validated in a group of 10
persons working at the surgical trial unit in the Department of
Surgery, University Hospital Dresden. The questionnaire was
provided as a paper-based survey to ensure the participation of
all patients. As the main aim of this pilot trial was to obtain a
status quo of the use and perception of eHealth and mHealth
technologies in a representative cohort of surgical patients rather
than a thorough investigation of a general technology acceptance
model, we chose to design a short, nonvalidated questionnaire
ourselves. Questions were partly taken from existing instruments
and partly added after obtaining results from structured
qualitative interviews with patients and surgeons before this
trial [9,18-20].

Ethics Approval
This study was conducted in line with the principles of the
Declaration of Helsinki. The trial was approved by the ethics
committee (Institutional Review Board) of the Technical
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University Dresden (file 313062019, June 7, 2019). The
American Association for Public Opinion Research guidelines
were followed as applicable.

Measurements
The questionnaire contained four categories: (1) questions on
general information, (2) questions on the use of the internet, (3)
questions on mobile phones (cell phones) and smartphones, and
(4) general questions on the use of ICTs (Multimedia Appendix
1). Participant-related and demographic data were collected in
the questionnaire. The survey was anonymous, and a pooled
analysis of the questionnaire responses was conducted so that
no conclusions could be drawn about individual participants.

Sampling and Recruitment
Questionnaires were distributed to randomly selected
nonemergency patients at the receptionist’s office during the
first patient contact at the Department of Surgery at the Dresden
University Hospital, Germany.

The inclusion criteria to participate in the study were (1)
admission to the clinic of the Department of Visceral, Thoracic,
and Vascular Surgery of the University Hospital Dresden; (2)
being aged ≥18 years; (3) provision of verbal consent; and (4)
understanding of the German language owing to the presentation
of the questionnaire in German.

The exclusion criteria were (1) admission to the hospital because
of an emergency, (2) language problems, and (3) an impaired
mental state or lack of compliance.

Data Collection
After oral information was provided and individuals were asked
to participate in the study and complete the questionnaire, the
participants were presented with the questionnaire. The
participants were informed that their refusal to participate would
not result in any disadvantages. The time needed to complete
the questionnaire was approximately 15 minutes. No
compensation was offered.

Data Analysis
Data from the questionnaires were pooled into a table using
Microsoft Excel (Microsoft Office 2016). Demographic data
analyses and statistical analyses were performed using R
(version 4.0.2; R Foundation for Statistical Computing) in
RStudio (version 1.2.1335; RStudio, Inc). A chi-square test was
performed to show any relationship between the age group and
the variables under consideration (P<.05).

Results

Overview
In total, 650 questionnaires were distributed to randomly
selected nonemergency patients at the receptionist’s office
during the first patient contact. Of these, 406 questionnaires
were returned, yielding a response rate of 62.5% (406/650).
However, not all participants answered all questions, as can be
seen in the results tables, which provide the absolute numbers
for each question.

Participant Characteristics
Table 1 shows the participants’ demographic data and general
information. The participants were divided into 3 age groups
(young adults: 18-40 years; middle-aged adults: 41-70 years;
and older adults: >71 years) to investigate differences according
to age. In total, 56.1% (226/403) were men and 43.9% (177/403)
were women; 15.1% (61/405) were young adults, 63% (255/405)
were middle-aged adults, and 22% (89/405) were older adults.
Only 26.8% (102/381) of the participants lived in cities with
>100,000 inhabitants. Of the 406 participants, 353 (86.9%)
visited their general practitioner on a regular basis, whereas
only 22 (5.4%) did not regularly visit any physician. A total of
14% (55/394) reported >10 outpatient and hospital visits per
year. In the sample population, 32% (123/384) had obtained an
academic degree as the highest form of education, 56.8%
(218/384) had completed vocational training, and 4.7% (18/384)
had a school-leaving degree (see Table S1 in Multimedia
Appendix 2 for the patients’ demographic data by level of
education). In total, 58.9% (229/389) of the participants had a
chronic disease.
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Table 1. Participants’ demographic data sorted by age group (N=406).

Totala, n (%)Age ≥71 years (n=89), n (%)Age 41 to 70 years (n=255), n (%)Age 18 to 40 years (n=61), n (%)Characteristic

Sex

226 (56.1)50 (56.8)145 (57.1)31 (50.8)Male

177 (43.9)38 (43.2)109 (42.9)30 (49.2)Female

403 (100)88 (100)254 (100)61 (100)Total

Inhabitants in hometown

132 (34.6)25 (31.2)96 (39.7)11 (18.6)<10,000

95 (24.9)24 (30)58 (24)13 (22)10,000 to 50,000

19 (5)6 (7.5)11 (4.5)2 (3.4)50,000 to 100,000

102 (26.8)15 (18.8)58 (24)29 (49.2)>100,000

33 (8.7)10 (12.5)19 (7.9)4 (6.8)Not known

381 (100)80 (100)242 (100)59 (100)Total

Regularly visited physiciansb

22 (5.4)0 (0)9 (3.5)13 (21.3)None

353 (86.9)84 (94.4)227 (89)41 (67.2)General practitioner

48 (11.8)20 (22.5)23 (9)4 (6.6)Cardiologist

37 (9.1)10 (11.2)20 (7.8)7 (11.5)Gastroenterologist

138 (34)34 (38.2)86 (33.7)18 (29.5)Other physician

406 (100)89 (100)255 (100)61 (100)Total

Outpatient and hospital visits per year

6 (1.5)0 (0)5 (2)1 (1.6)Never

31 (7.9)3 (3.4)22 (8.9)6 (9.8)1

131 (33.2)18 (20.7)82 (33.3)31 (50.8)2 to 3

124 (31.5)39 (44.8)75 (30.5)10 (16.4)4 to 6

47 (11.9)14 (16.1)28 (11.4)5 (8.2)7 to 9

55 (14)13 (14.9)34 (13.8)8 (13.1)≥10

394 (100)87 (100)246 (100)61 (100)Total

Degree obtained

9 (2.3)1 (1.3)0 (0)8 (13.1)Still in training

18 (4.7)6 (7.7)10 (4.1)2 (3.3)School-leaving certificate

218 (56.8)33 (42.3)150 (61.5)34 (55.7)Completed vocational

training

123 (32)31 (39.7)76 (31.1)16 (26.2)Completed academic degree

2 (0.5)0 (0)2 (0.8)0 (0)No degree or no training

14 (3.6)7 (9)6 (2.5)1 (1.6)Not specified

384 (100)78 (100)244 (100)61 (100)Total

Chronic disease

229 (58.9)60 (69)144 (59.8)25 (41.7)Yes

160 (41.1)27 (31)97 (40.2)35 (58.3)No

389 (100)87 (100)241 (100)60 (100)Total

aIncludes questionnaire responses without information on the age group provided, which are therefore only counted in the Total column.
bMultiple answers were possible, and the percentage refers to the respective total.
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Participant Internet Use by Age Group
Table 2 shows the internet use of the participants by age group.
In total, 67% (266/397) of the participants reported having
searched the internet for information about diseases at any time
in the past. There was a statistically significant difference
(P=.004) by age group, with 34% (29/85) of the older adults,
71.8% (181/252) of the middle-aged adults, and 93% (56/60)
of the young adults using the internet to search for information
about diseases (266/397, 67%). Almost half of the participants
(180/390, 46.2%) had searched the internet for information
about their current illness before their hospital visit. This was

done by more young adults than middle-aged adults and older
adults, resulting in a strong relationship with the respective age
groups (P<.001). Most participants (249/406, 61.3%) indicated
that they had taught themselves how to use computers and
smartphones, whereas some of the middle-aged adults and older
adults (5/255, 2% and 4/89, 5%) had visited adult education
centers for this purpose. A total of 24.6% (96/390) of the
participants did not have access to broadband internet at home.
The proportion of older adults who did not have access to
broadband internet (37/81, 46%) was significantly higher than
that of young and middle-aged adults (P<.001).

Table 2. Participant internet use sorted by age group (N=406).

Totala, n (%)Age ≥71 years (n=89), n (%)Age 41 to 70 years (n=255), n (%)Age 18 to 40 years (n=61), n (%)Characteristic

Searches the internet for diseases in general

266 (67)29 (34.1)181 (71.8)56 (93.3)Yes

128 (32.2)55 (64.7)69 (27.4)4 (6.7)No

3 (0.8)1 (1.2)2 (0.8)0 (0)Not known

397 (100)85 (100)252 (100)60 (100)Total

Searches for web-based information about current illness

180 (46.2)26 (31.3)116 (47)38 (63.3)Yes

210 (53.8)57 (68.7)131 (53)22 (36.7)No

390 (100)83 (100)247 (100)60 (100)Total

Learning to use computers or smartphonesb

249 (61.3)23 (25.8)169 (66.3)57 (93.4)Self-taught

25 (6.2)0 (0)17 (6.7)8 (13.1)Internet research

148 (36.5)23 (25.8)108 (42.4)17 (27.9)Family or friends

9 (2.2)4 (4.5)5 (2)0 (0)Adult education center

30 (7.4)9 (10.1)18 (7.1)3 (4.9)Other

406 (100)89 (100)255 (100)61 (100)Total

DSLc or broadband connection at home

268 (68.7)38 (46.9)178 (71.2)52 (88.1)Yes

96 (24.6)37 (45.7)55 (22)4 (6.8)No

26 (6.7)6 (7.4)17 (6.8)3 (5.1)Not known

390 (100)81 (100)250 (100)59 (100)Total

aIncludes questionnaire responses without information on the age group provided, which are therefore only counted in the Total column.
bMultiple answers were possible, and the percentage refers to the respective total.
cDSL: digital subscriber line.

Use of Mobile Phones and Smartphones
Table 3 summarizes the use of mobile phones and smartphones
by age group. In total, 7.9% (31/393) of the study population
did not own a cell phone. The percentage of participants who
did not own a mobile phone was significantly higher in the
group of older adults (20/89, 24%; P<.001), whereas all young
adults owned a mobile phone. A total of 78.9% (296/375) of
the respondents reported that their mobile phones were
smartphones, and the proportion of older adults who did not
own a smartphone was significantly higher (35/72, 49%;

P<.001). The Android operating system was used by most
participants (192/330, 58.2%) followed by the Apple iOS system
(77/330, 23.3%). Of the 49 older adults, 19 (39%) did not know
which operating system was installed on their mobile phones.
Most participants (299/364, 82.1%) did not own a fitness device.
Significantly more young adults than older adults owned such
a device (P<.001). Table 3 shows the participants’ typical use
of their smartphones in the different age groups: 12.2% (45/369)
of the participants already used medical and health apps,
whereas 20% (12/60) of the young adults and 4% (3/75) of the
older adults used medical and health apps (P=.005).
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Table 3. Participants’ use of mobile phones, cell phones, or smartphones sorted by age group (N=406).

Totala, n (%)Age ≥71 years (n=89),

n (%)

Age 41 to 70 years (n=255),

n (%)

Age 18 to 40 years (n=61),

n (%)

Characteristic

Owns a mobile phone

362 (92.1)64 (76.2)238 (95.6)60 (100)Yes

31 (7.9)20 (23.8)11 (4.4)0 (0)No

393 (100)84 (100)249 (100)60 (100)Total

Mobile phone is a smartphone

296 (78.9)32 (44.4)204 (84)60 (100)Yes

71 (18.9)35 (48.6)36 (14.8)0 (0)No

8 (2.1)5 (6.9)3 (1.2)0 (0)Not known

375 (100)72 (100)243 (100)60 (100)Total

Operating system of the smartphone

77 (23.3)3 (6.1)54 (24.4)20 (33.3)iOS

192 (58.2)21 (42.9)133 (60.2)38 (63.3)Android

20 (6.1)6 (12.2)13 (5.9)1 (1.7)Miscellaneous

41 (12.4)19 (38.8)21 (9.5)1 (1.7)Not known

330 (100)49 (100)221 (100)60 (100)Total

Owns a fitness device

299 (82.1)61 (87.1)198 (84.6)40 (66.7)No

53 (14.6)5 (7.1)29 (12.4)19 (31.7)Fitness bracelet or smartwatch

12 (3.3)4 (5.7)7 (3)1 (1.7)Yes, other

364 (100)70 (100)234 (100)60 (100)Total

Uses a smartphone or mobile phone for...b

329 (81)54 (60.7)223 (87.5)52 (85.2)Phone calls

253 (62.3)24 (27)171 (67.1)58 (95.1)Messenger services or SMS

110 (27.1)3 (3.4)62 (24.3)45 (73.8)Social media

189 (46.6)13 (14.6)125 (49)51 (83.6)Route planning and navigation

57 (14)6 (6.7)33 (12.9)18 (29.5)Medical or health apps

243 (59.9)27 (30.3)162 (63.5)54 (88.5)Photography and photo use

105 (25.9)1 (1.1)61 (23.9)43 (70.5)Listening to music

51 (12.6)2 (2.2)20 (7.8)29 (47.5)Watching movies and series

185 (45.6)11 (12.4)121 (47.5)53 (86.9)Web browsing

70 (17.2)6 (6.7)39 (15.3)25 (41)Games

4 (1)4 (4.5)0 (0)0 (0)None or not applicable

6 (1.5)1 (1.1)4 (1.6)1 (1.6)Other

406 (100)89 (100)255 (100)61 (100)Total

Use of apps related to health

45 (12.2)3 (4)30 (12.8)12 (20)Yes

315 (85.4)68 (90.7)202 (86.3)45 (75)No

9 (2.4)4 (5.3)2 (0.9)3 (5)Not known or not applicable

369 (100)75 (100)234 (100)60 (100)Total

aIncludes questionnaire responses without information on the age group provided, which are therefore only counted in the Total column.
bMultiple answers were possible, and the percentage refers to the respective total.
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Use of ICTs by the Participants
Table 4 summarizes the participants’use of and attitudes toward
ICTs used in medicine, sorted by age group. Merely 30%
(112/373) of the participants thought it was useful to introduce
web-based or video consultations. Almost as many participants
(100/373, 26.8%) indicated that they did not know. Again, there
were significant differences by age group, as shown in Table 4
(P<.001): 74.2% (276/372) of the participants considered
electronic health records to be useful, with a statistically
significant difference by age group (P=.001). Only 1.7% (6/350)
of the participants would mostly trust an app to make a correct
decision, 48.3% (169/350) would trust a physician, 22.6%
(79/350) would trust none of the options, and 27.4% (96/350)

did not know. The main disadvantages identified for video
consultations were the lack of personal contact (225/406, 55.4%)
and the absence of physical examination (264/406, 65%). Many
participants stated that they would never take advantage of a
video consultation (130/342, 38%). Only 5% (17/342) stated
that they would use a video consultation as often as possible.
A statistically significant difference by age group (P=.01), with
older adults least wanting to take advantage of video
consultations, was also observed for this aspect. Many
participants (176/355, 49.6%) did not believe that the use of a
fitness device could improve or enhance their health, whereas
26.8% (95/355) did not know. A significant difference among
the age groups was found, with P<.001.
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Table 4. Participants’ use of information and communication technologies sorted by age group (N=406).

Totala, n (%)Age ≥71 years (n=89), n (%)Age 41 to 70 years (n=255), n (%)Age 18 to 40 years (n=61), n (%)Question

Do you think it would be useful to introduce web-based consultations?

112 (30)10 (12.7)74 (31.6)28 (46.7)Yes

161 (43.2)42 (53.2)99 (42.3)20 (33.3)No

100 (26.8)27 (34.2)61 (26.1)12 (20)Not known

373 (100)79 (100)234 (100)60 (100)Total

Do you consider an electronic health record to be basically useful?

276 (74.2)44 (57.1)181 (77)51 (85)Yes

41 (11)16 (20.8)20 (8.5)5 (8.3)No

55 (14.8)17 (22.1)34 (14.5)4 (6.7)Not known

372 (100)77 (100)235 (100)60 (100)Total

Do you trust...to make a correct diagnosis?

6 (1.7)2 (3)0 (0)4 (6.8)An app

169 (48.3)22 (33.3)120 (53.3)27 (45.8)A physician (on the web)

79 (22.6)21 (31.8)48 (21.3)10 (16.9)None

96 (27.4)21 (31.8)57 (25.3)18 (30.5)Not known

350 (100)66 (100)225 (100)59 (100)Total

Do you see disadvantages of a video consultation with a telemedicine provider?b

20 (4.9)4 (4.5)12 (4.7)4 (6.6)No disadvantages

225 (55.4)45 (50.6)147 (57.6)33 (54.1)Lack of personal contact

264 (65)41 (46.1)176 (69)47 (77)No physical examination

131 (32.3)19 (21.3)90 (35.3)22 (36.1)Physician unknown or
anonymous

105 (25.9)11 (12.4)74 (29)20 (32.8)Lack of confidence in the
competence of the physician

139 (34.2)24 (27)89 (34.9)26 (42.6)No prescription of medica-
tion possible

150 (36.9)14 (15.7)105 (41.2)31 (50.8)Unsecure internet connec-
tion

4 (1)1 (1.1)2 (0.8)1 (1.6)Other

406 (100)89 (100)255 (100)61 (100)Total

Would you take advantage of a video consultation in medical care?

17 (5)1 (1.6)9 (4.1)7 (11.9)As often as possible

39 (11.4)3 (4.9)28 (12.6)8 (13.6)Frequently

96 (28.1)12 (19.7)67 (30.2)17 (28.8)Rather rarely

130 (38)27 (44.3)83 (37.4)20 (33.9)Not at all

60 (17.5)18 (29.5)35 (15.8)7 (11.9)Not known

342 (100)61 (100)222 (100)59 (100)Total

Would the use of a fitness bracelet or a smartwatch improve or enhance your health?

17 (4.8)1 (1.5)7 (3.1)9 (15.5)Yes, very much

67 (18.9)8 (11.8)46 (20.1)13 (22.4)Yes, a little bit

176 (49.6)35 (51.5)117 (51.1)24 (41.4)No

95 (26.8)24 (35.3)59 (25.8)12 (20.7)Not known

355 (100)68 (100)229 (100)58 (100)Total
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aIncludes questionnaire responses without information on the age group provided, which are therefore only counted in the Total column.
bMultiple answers were possible, and the percentage refers to the respective total.

Use and Perceived Usefulness of Medical and Health
Apps
Table 5 shows the assessment of use behavior and the perceived
usefulness of medical and health apps. Only between 46.1%
(187/406) and 49% (199/406) of the participants answered the
questions in this section. Approximately half of all respondents
rated the usefulness of various apps positively, including apps

for medication (110/195, 56.4%), monitoring of vital signs
(97/199, 48.7%), web-based appointments (111/189, 58.7%),
exchanges with health insurance companies (91/187, 48.7%),
and fitness (77/196, 39.3%). However, 19.4% (38/196) of the
participants were already using such an app. Again, there were
differences among the age groups. Very few participants in the
older adult age group were able to answer the questions in this
section.

Table 5. Use and usefulness of medical apps for participants by age group (N=406).

Total, n (%)Age ≥71 years (n=89), n (%)Age 41 to 70 years (n=255), n (%)Age 18 to 40 years (n=61), n (%)Characteristic

Medication app (eg, reminders or insulin scheme)

110 (56.4)9 (33.3)67 (52.8)34 (82.9)Finding it useful

23 (11.8)4 (14.8)17 (13.4)2 (4.9)Using it

62 (31.8)14 (51.9)43 (33.9)5 (12.2)Not useful

195 (100)27 (100)127 (100)41 (100)Total

App for monitoring of vital signs (eg, pulse or blood sugar)

97 (48.7)8 (33.3)57 (43.5)32 (72.7)Finding it useful

28 (14.1)5 (20.8)20 (15.3)3 (6.8)Using it

74 (37.2)11 (45.8)54 (41.2)9 (20.5)Not useful

199 (100)24 (100)131 (100)44 (100)Total

Web-based appointment allocation and coordination app

111 (58.7)10 (45.5)71 (56.8)30 (71.4)Finding it useful

30 (15.9)3 (13.6)21 (16.8)6 (14.3)Using it

48 (25.4)9 (40.9)33 (26.4)6 (14.3)Not useful

189 (100)22 (100)125 (100)42 (100)Total

App of the health insurance company with access to information such as patient data, findings, and vaccination status

91 (48.7)10 (41.7)50 (42)31 (70.5)Finding it useful

24 (12.8)4 (16.7)16 (13.4)4 (9.1)Using it

72 (38.5)10 (41.7)53 (44.5)9 (20.5)Not useful

187 (100)24 (100)119 (100)44 (100)Total

Fitness app for recording physical activity

77 (39.3)3 (14.3)48 (36.9)26 (57.8)Finding it useful

38 (19.4)6 (28.6)23 (17.7)9 (20)Using it

81 (41.3)12 (57.1)59 (45.4)10 (22.2)Not useful

196 (100)21 (100)130 (100)45 (100)Total

Analysis by Education Status Obtained
We analyzed differences in results according to academic degree
(Tables S2-S5 in Multimedia Appendix 2). There was a
significant difference by academic degree in the percentage of
patients searching on the web for information about their current
illness (Table S2 in Multimedia Appendix 2). Although 60.3%
(73/121) of the patients with an academic degree had searched
for information regarding their illness before the hospital visit,
only 41.7% (100/240) of the patients with another degree or no
degree had done so (P=.001). There were also significant

differences in the perception of electronic health records as
useful (P=.01) and in trust in an app, a physician, or none of
the options to make a correct diagnosis (P=.01). A total of 65%
(47/72) of the participants with an academic degree perceived
a web-based appointment allocation tool to be useful (compared
with 63/110, 57.3% of the participants with no degree), and
21% (15/72) were already using such an app (compared with
only 14/110, 12.7% of the participants with another degree or
no degree; P=.03; Table S5 in Multimedia Appendix 2).
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Discussion

Principal Findings
In a cohort of 406 patients from the outpatient department of a
tertiary academic referral center in Germany, we found
significant differences in the use and perception of digital health
technologies depending on the age and educational status of the
patients. Older patients and patients with a lower education
status lack access to broadband internet and knowledge of and
access to smartphone use; these populations have a lower level
of eHL.

The aim of this trial was not an in-depth analysis of use and
acceptance models of modern ICTs but rather to obtain a status
quo of the actual use and perception of modern eHealth and
mHealth technologies in a representative cohort of surgical
patients in Germany in the pre–COVID-19 era.

Overall, the older the participants were, the more frequently
they had regular contact with physicians and were hospitalized.
Unfortunately, fewer people of older age answered the questions.
We suspect that many of these people did not understand the
specific topic or could not answer the questions. However, the
older the patients were, the less frequently they searched for
information on the internet about illness in general or their own
illnesses specifically and the less ready they were to use ICTs
with regard to their health [21-24]. This finding is in line with
previous data reporting that information technology (IT) use
and IT use for health are more common and better accepted by
younger people [25]. This indicates a clear difficulty faced by
older people with regard to their involvement in health decisions
if up-to-date health information on the internet is accessible
[26]. Six access points for seeking health information have been
classified: (1) interpersonal sources, (2) traditional mass media,
(3) traditional and modern internet sources, (4) Web 2.0 sources,
(5) libraries, and (6) government agencies or social services
[27]. Which of these access points people use depends not only
on the design and accessibility of the source itself but also on
the users [27].

The older the participants in our study were, the less likely they
were to have learned how to use smartphones and computers
themselves and the more they relied on external help. This is
closely related to the digital literacy paradox described in the
literature: competencies for using ICTs can be learned only by
using ICTs. However, older people often do not have full access
to ICTs and continue to have poor digital literacy skills [28].
This is consistent with the results of our study, which revealed
that only a minority of the older adults reported owning
smartphones and <50% of them (38/81, 47%) had access to
broadband connections at home. However, it was not only older
people who showed a limited understanding of ICTs in our
study. For example, 12.4% (41/330) of the participants said
they did not know which operating system their smartphones
had. In 2020, the European Union Memorandum on Lifelong
Learning explicitly included IT skills among the new basic skills
that all individuals need [29]. This underscores the danger of
people being excluded from a large area of (social) life owing
to a lower level of competence in this area [30].

A recent trial found that low HL was related to limited functional
HL, low socioeconomic status, and frequent visits to physicians
[31]. These findings indicate a strong need for HL education
services across all age groups.

Other findings of this study were that the participants were
partially unaware of the possibility of ICTs and the participants’
confidence in the usefulness of medical and health apps was
low. It is also noticeable that not all participants answered these
questions. This indicates that this technology is rarely used.
Presumably, this also has an impact on trust in it. However,
many of the participants also stated that they were unable to
make a statement in this regard, and only 48.3% (169/350) of
all respondents believed that a physician could make a correct
diagnosis on the web. Certainly, occasions exist in which a
face-to-face consultation is essential. However, many of the
drawbacks cited by the participants were unfounded [22-24,32].
These findings have been further reinforced in the context of
the increase in telemedicine during the COVID-19 pandemic
[33].

Considering that 58.9% (229/389) of the participants had a
chronic illness, the low number of people using medical and
health apps is surprising. Current data show positive results
when medical and health apps are used by patients with chronic
diseases. However, for some apps, no evidence of a benefit
exists [34]. Regardless of whether they are used for chronic
disease management, medical and health apps can confer
benefits [35]. The literature shows that the use of medical and
health apps can have positive consequences but that their use
must always be critically questioned. There are 4 factors playing
a significant role as direct determinants of user acceptance and
use behavior: performance expectancy, effort expectancy, social
influence, and facilitating conditions.

Relatedly, it is important to consider that the use of ICTs also
poses dangers that users should be aware of to protect
themselves. Younger participants used new technologies in
private and health care settings more often and evaluated the
benefits more positively than older participants. In general,
younger people are more positive about health information from
the internet than older people [36]. Nevertheless, many young
adults in our study reported concerns about data security when
using ICTs. These concerns are entirely justified. The ICT
market for health care is currently opaque. ICTs often use
sensitive data for other purposes [37]. Therefore, it is more
worrying that the participants in the other age groups indicated
significantly lower concerns in this regard. The study also
showed that, in general, people with a higher education status
were more informed, were more open, and used modern ICTs
more frequently than people with a lower education status. This
finding highlights the fact that the digital divide is related not
only to the age group to which patients belong but also to other
socioeconomic aspects such as educational status [38].

However, educating patients regarding eHL alone is not
sufficient to improve the quality of care. Health care
professionals must also be trained to provide meaningful
information and guidance to patients. Currently, eHL among
physicians is limited [39]. Therefore, it is necessary to pursue
an approach that enables education for the entirety of society
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[40]. It is of utmost importance to focus on the digital divide
among different age and socioeconomic groups in the design
and implementation of new digital technologies [41].

Limitations
In some ways, this paper is anachronistic, reflecting results
regularly reported 10 to 20 years ago for other countries or for
industries other than health care. The reason for this is that
remote medical consultations were not permitted in Germany
until 2018. Another limitation of this study from the current
perspective is the timing of the survey before the COVID-19
pandemic. The pandemic has led to considerable changes in
health care, especially regarding the use of telemedicine [42]
as well as the use of apps for contact tracing [43] and
self-reported symptom tracking [44]. The COVID-19 pandemic
has changed people’s views; in a recent study of patients of
urology in Germany, 85% wanted a videoconference
teleconsultation rather than a face-to-face consultation [45].
However, the potential impact on eHL requires further
investigation. The pandemic may also have had an impact on
the digital divide as many individuals have experienced pay
cuts or job losses because of the pandemic [46].

However, the pandemic has also highlighted the critical
importance of the study described in this paper. For the routine
care of patients, ICTs have been widely used and implemented
during the COVID-19 crisis [47]. Good HL is the foundation
for understanding the risk factors and consequences of contagion
during the COVID-19 pandemic [48]. Thus, the pandemic can
hopefully become the driving force for much-needed
improvements in eHL that can support digital equity.

In our opinion, nonresponse bias does not threaten the validity
of the findings of this study. It is likely that the results would
be even more pronounced as people with limited eHL mostly
refused to participate and did not answer the questions. This

was randomly confirmed by routinely questioning patients who
decided not to participate about their reasons.

We did not use validated instruments or methods for user
technology acceptance in this work, such as the unified theory
of acceptance and use of technology model, as our focus was
not on a thorough technology acceptance investigation but rather
on obtaining a general status quo of use, attitudes, and behavior
of surgical patients in terms of new digital health technologies.
However, recently, much work has been done regarding
digitization and digital health technology in Germany, which
we will use to design future trials [49-51]. For further studies,
it would be recommended to use additional validated
instruments.

Conclusions
The data from our study indicate that there is a need for
education across all age groups regarding the opportunities and
risks of using ICTs in health care. Regarding eHL, it is important
that educational programs build participants’ knowledge in the
areas of computers and smartphones, health, and science. The
increase in the importance of ICTs can promote participative
decisions in health care, enabling patients to influence their
illnesses and drive prevention via active self-management.
However, critical to the provision of such health care is the
training and equipping of all patients, especially older patients,
to enable them to safely use ICTs.

With respect to medical and health apps focused on the
self-management of chronic conditions, app developers should
be mandated to use data-based evidence to increase the safety
and usefulness of the apps. Further research should address
patient needs that must be met for patients to be able to actively
use health-related ICTs. In addition, it is crucial to investigate
how trust in the use of ICTs in the health care setting can be
increased [52,53].
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