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Abstract

Background: China is becoming an aging society at the fastest pace in history, and there are a large number of
empty nesters in the country. With economic and social development, internal support systems among families are
gradually weakening. Supporting the elderly is thus emerging as a significant issue, and promoting digital health
technologies is an effective way to help address it. Encouraging the application of Internet to elderly care and
Internet use among the elderly are important means of promoting digital health technologies. This paper examines
the current state of the use of the Internet by the elderly and factors influencing it (including physical,
psychological, and social) as well as demand among the elderly for smart services.

Methods: A total of 669 subjects over the age of 60 years were randomly selected from 13 cities in Heilongjiang
province and surveyed using questionnaires from May 1 to July 31, 2018. The questionnaires were collected for
descriptive statistics, the chi-square test, and the analysis of influential factors.

Results: Of the people surveyed, 38.6% used the Internet. Their favorite online activity was online dating (74.2%),
and the health information they obtained through the Internet was mainly related to diet (63.1%) and exercise
(47.1%). The subjects demanded smart bracelets (MD = 2.80) and emergency callers (MD = 2.77). Gender, age,
education, monthly income, quality of life, number of friends, and social participation were found to have an
impact on Internet use.

Conclusions: More measures are needed to reduce barriers to the use of the Internet and promote digital health
technologies. The society, equipment manufacturers, and family members of the elderly should work together to
enable them to reap the benefits of online technologies.
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Background
With the growth of the economy and improvements to
medical services in China, the average life expectancy has
increased. China is becoming an aging society at the fastest
pace in history. In 2018, there were 166.58 million people
in the country aged 65 or older [1]. People above the age of

65 are projected to represent 26% of China’s population,
and those aged 80 and older are expected to represent 5%,
by 2050 according to a report by the World Bank [2]. There
are thus a large number of empty nesters in China. Elderly
people living alone account for nearly 10% of the total, and
those living with only spouses account for 41.9% according
to the China Family Development Report in 2015 [3]. The
traditional family-based model of support for the aged has
thus significantly deteriorated.
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In light of the rapidly aging population, the demand for
care and health services for the elderly is growing. Against
the backdrop of limited capacity and weakening of family-
based care, developing digital health technologies has
emerged as a solution to this problem. Policies advocating
digital health technologies have been introduced in the
last several years. In 2015, the Chinese government set it-
self the goal of “promoting the development of the digital
health technologies’ industry.” [4] To promote the use of
Internet for care for the elderly, it is important to improve
their access to the Internet.
A number of older people have kept abreast of techno-

logical developments in recent years. A study in Spain
showed that older adults were interested in learning and
acquiring Information and Communication Technolo-
gies’ skills [5]. Xie found that elderly people had good
knowledge of the Internet, especially because of its con-
venience and usefulness [6].
By the end of 2018, 98.6% of Internet users accessed it

using mobile phones in China. A total of 48 and 35.9%
used desktop and laptop computers to access the Internet,
respectively, whereas 31.1% used TVs. The Internet pene-
tration rate in China was 57.7%, and that in Heilongjiang
Province was 52%. It ranked 18th of the country’s 31 prov-
inces. However, many elderly believe that they are ex-
cluded from the online environment. By December 2017,
Internet users aged 60 and older accounted for 5.2% of all
Internet users and only 16.7% of the total population of
the elderly [7]. The barriers they face to using the Internet
included cost, inappropriate design, physical and mental
limitations, mistrust, and a lack of time [8, 9]. For most
elderly people in China, the Internet is a novelty that ap-
peared when they entered middle or old age. It is thus
challenging for them learn to use it [10].
Most studies in the area have focused on the impact of

Internet use by the elderly as well as factors influencing it.
The demand among the elderly for the use of the

Internet is relatively simple. Most of them use it for en-
tertainment (such as listening to the music and watching
videos), accessing information (such as news, stock mar-
ket information, and health-related information), and
communicating with others (such as use WeChat or
Facebook) [11, 12]. Compared with other age groups,
the elderly are primarily interested in the Internet for
health reasons [13]. They are more likely to search for
health information online [14]. Most elderly people learn
how to use the Internet through their children or other
young people, while a minority learns by itself.11 Re-
garding the frequency of Internet use, a study found that
47.4% of older adults in the U.S. spend more than 7 h
per week on the Internet, and only 7.1% reported spend-
ing no time on it [15]. Wei’s study showed that the eld-
erly in China who use the Internet every day of the week
accounted for 48.5% of the total elderly population [16].

The influence of the Internet on the lives of the elderly
as well as their physical and psychological health has
attracted the attention of many scholars. Elderly people
with health problems are especially likely to benefit from
using the Internet because it allows them to carry out an
increasingly diverse array of tasks [17]. A study has
shown when the elderly have access to larger social net-
works, the risk of such diseases as hypertension signifi-
cantly decreases [18]. The Internet can also serve them
as a powerful tool for communication to meet their need
for interpersonal and social interactions [19]. Higher
levels of Internet use are significant predictors of higher
levels of social support, reduced loneliness, better life
satisfaction, and psychological well-being among the eld-
erly [20]. Some researchers reported that older adults
who successfully created and shared content online en-
hanced their social connections and reduced social isola-
tion. Ding claimed that new media can be an important
channel to promote and enhance the social adaptation
of the elderly [21]. However, the impact of the Internet
on different populations is different, and there are some
drawbacks to Internet use. A survey of the online activ-
ities of 4113 American adults found that social isolation
deepened with increasing activities online [22]. A study
on teenagers found that Internet use may render them
unable to distinguish between the Internet and reality,
and make them more susceptible to cyberbullying [23].
The adverse effects of using the Internet on the elderly
are more clearly manifested in their physical health. For
example, sitting for a long time affects their blood circu-
lation, leads to cardiovascular diseases, and causes cer-
vical pain, joint pain, tinnitus, and dizziness [24].
Many studies have found that certain socioeconomic

and demographic factors, including age, sex, education,
income status, health literacy, and urban and rural con-
ditions, are associated Internet use by the elderly [25–
27]. Older adults who are male, younger, live in urban
areas, and have higher income, education, and health lit-
eracy have a higher probability of Internet use [28, 29].
Some physical and functional health problems can

pose barriers to Internet use [30]. The elderly often suf-
fer from reduced vision and physical disabilities that
make it more difficult for them to use the Internet [31].
They tend to have poor memory as well, and thus are
slower at learning new procedures for the Internet [8].
Some studies have found that psychological factors,

such as loneliness, personality, and perspectives on life,
affect Internet use. Using the Internet is an efficient way
to promote friendships and social interaction, and to
avoid negative feelings related to loneliness [32]. In
addition, Peng found that elderly people who are opti-
mistic are more likely to use the Internet, as are those
who think that they have the right to control their own
lives [33]. Erikson and Johnson found that Internet use
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and self-sufficiency are significantly related, where such
elderly people were more likely to use the Internet [34].
Social factors are also important aspects of Internet

use by the elderly. Studies have suggested that elderly
people with good social support have higher motivation
to learn the Internet and tend to do so. Care and sup-
port by family, and their encouragement can significantly
increase Internet use among the elderly [35]. Participa-
tion in activities with family and friends is also likely to
increase the need and perceived usefulness of Internet
connectivity to maintain social integration and ties [27].
This study describes the current state of Internet use

among the elderly, the demand for digital health technolo-
gies, and factors affecting their online behavior. The re-
sults are important for improving Internet use among the
elderly. On the one hand, they can provide a fundamental
theory for the development of the service industry for the
elderly, and on the other, they can yield valuable sugges-
tions for meeting their needs, improving their quality of
life, and enabling them to benefit from the Internet.

Method
Data and sample
The participants of this study were chosen from all cities
of Heilongjiang Province, The internet penetration rate
in Heilongjiang Province is 52%, considered a middling
level in China [1]. Subjects were included in the study if
they met the following criteria: aged 60 years or older,
lucid, and competent at verbal communication. Partici-
pation in the survey was voluntary, and the participants
were told that returning the questionnaires represented
their informed consent.

Data collection
A cross-sectional survey was conducted from May 1 to
July 31, 2018. First, those aged 60 years and older who
were willing and able to answer the questions were in-
cluded in our sample. Second, participants were solicited
from all 13 cities in Heilongjiang. Three communities in
urban areas were randomly selected from each city ac-
cording to certain economic factors. The data were col-
lected through in-person interviews using a structured
questionnaire. The interviews were conducted by trained
graduate students from Harbin Medical University. A
manual was created to provide suggestions on how to
ask each question. Moreover, a pre-investigation was
conducted to identify problems and provide further
training to the interviewers. In total, 780 questionnaires
were distributed. Participants who did not respond to
the survey or did not answer questions about their Inter-
net use were excluded. Thus, 669 valid questionnaires
were collected, and the rate of effective recovery was
85.77%.

Assessment tools
This study used a questionnaire composed of four sections.

Section 1 focused on the respondents’ socioeconomic and
demographic characteristics (see Supplementary file 1).
Section 2 surveyed the situation of older adults using
the Internet. First, the participants were asked: “Do you
use the Internet?” Second, we recorded the frequency
of their daily and weekly Internet use. Third, the
participants were asked to describe the types of online
activities and health information they had sought
online. These two questions were multiple choice (see
Supplementary file 1).
Section 3 assessed the need for digital health
technologies for older adults. The participants were
asked: “What are your demands for digital health
technologies in the following list?” The list included the
smart bracelet, emergency caller, telemedicine, online
health consultation, online appointment registration, and
paying for medical expenses online. The respondents
were asked to indicate the strength of their need on a
five-point scale, ranging from 1 (not at all) to 5 (signifi-
cantly needed). The scores were averaged across items to
form a scale (see Supplementary file 1).
Section 4 assessed factors affecting Internet use. The
physiological factors included whether the participant had
a chronic disease, and quality of life. The psychological
factor was loneliness, and social factors included the
number of friends and frequency of participation in social
activities (see Supplementary file 1).

The EQ-5D scale was used to assess the participants’
quality of life. It was developed by the UK’s EuroQol
Group to provide a simple and universal method for
measuring health for clinical and economic evaluation.
It contained five dimension: mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression [36,
37]. The rights holder is Bianca Smit who granted per-
mission for us.
Each dimension consists of five levels: no difficulty,

some difficulty, moderate difficulty, extreme difficulty,
and not applicable.
The UCLA-20 Loneliness scale prepared by Hays et al.

in 1987 was used to assess loneliness [38]. The ULS-8
Loneliness scale consists of eight entries, including six
forward entries and two reverse entries. To render
scores of the scales consistent, we converted them into
reverse entries. The higher the total score was, the more
lonely the relevant participant was determined to be.
Each entry uses a four-level rating from 1 to 4 represent-
ing “never,” “rarely,” “sometimes,” and “always,” respect-
ively. The total score ranged from 8 to 32 points. The
scale was reasonably reliable in our sample with a value
of Cronbach’s α of 0.77.
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Data analysis
The data were processed using Epidata, and were
double-entered to ensure quality. Characteristics of the
questionnaires were analyzed by using SPSS V.19.0. Sta-
tistics were reported for socioeconomic and demo-
graphic characteristics, the state of the elderly using the
Internet, and the need for smart medical care. The mean
differences were examined using t-tests, and categorical
variable differences were examined using χ2 tests with
the significance set to p < 0.05. Factors influencing Inter-
net use were analyzed by using logistic regression, set at
p < 0.05. In this study, the outcome variable was access
to the Internet (0 for “does not use the Internet” and 1
for “uses the Internet”).

Results
Socioeconomic and demographic characteristics of
respondents
Table 1 shows the socioeconomic and demographic sta-
tus of the respondents. More than half the participants
were female (65.3%), aged from 60 to 69 years (56.2%).
Most participants were married (75.5%), and only 14.2%
had a monthly income over ¥3000. In terms of educa-
tion, most had completed secondary education or below
(89.9%). The majority of respondents owned a house
(77%) and lived with children or others (89.5%). A total
of 78.9% suffered from chronic diseases.

Univariate analysis of internet use by elderly
The results of chi-square tests are shown in Table 1.
Internet use varied among the respondents by sex (p <
0.05), age (p < 0.01), education (p < 0.01), marital status
(p < 0.05), monthly income (p < 0.01), and ownership of
a house (p < 0.01). Internet use was more frequent
among females than among males. A higher percentage
of participants below 70 years of age and married used
the Internet than those above 70 with some other mari-
tal status. The percentage of participants with high in-
come and education, and who owned property used the
Internet more frequently than those who had low in-
come and education, and did not own property.

State of internet use among elderly
As shown in Table 2, 38.6% of the respondents used the
Internet. Approximately half (53.9%) reported spending less
than 2 h per day online, and more than two-thirds (75.2%)
went online 5–7 days a week. Chatting online (74.2%) was
the favorite activity among them, followed by reading the
news (59%), and watching films and listening to music
(32.7%). Shopping (6.8%) was least favorite activity. The
participants reported mainly searching for information on
diet care (63.1%) and fitness (47.1%). Only 13.1% of them
learned about disease-related information online.

Demand for digital health technologies among the elderly
As shown in Table 3, the greatest demand among the eld-
erly was for smart bracelets (M = 2.80), followed by emer-
gency callers (M = 2.77), telemedicine (M= 2.63), and
online health consultation (M= 2.58). By contrast, demand

Table 1 Socioeconomic and demographic characteristics of the
respondents (N = 669)

Variables Total (669) Internet users (258)

n1 n2 %

Sex

Male 232 75 32.3

Female 437 183 41.9

Χ2 5.832*

Age

60–69 376 193 51.3

70–79 228 62 27.2

≥ 80 65 3 4.6

Mean ± SD 69.23 ± 6.90 66.00 ± 5.03

Χ2 69.925**

Education

Primary school or below 224 31 13.8

Secondary education 377 186 49.3

University degree 68 41 60.3

Χ2 89.816**

Marriage status

Single/widowed/divorced 164 46 28.0

Married 505 212 42.0

Χ2 10.141*

Living arrangements

Alone 63 27 42.9

With children or others 606 231 38.1

Χ2 0.541

Monthly income (¥)

< 1500 177 43 24.3

1500–2999 397 165 41.6

≥ 3000 95 50 52.6

Χ2 24.654**

House as property

Yes 515 220 42.7

No 154 38 24.7

Χ2 16.290**

Chronic diseases

Yes 481 189 39.3

No 188 69 36.7

Χ2 0.383

*p < 0.05;**p < 0.01
The percentage of Internet users = n2/n1
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for online appointment registration (M= 2.52) and online
payment of medical expenses was low (M= 2.45).

Factors influencing internet use
Table 4 presents the results of a binary logistic regres-
sion model to show predictors of Internet use. Age, sex,
marital status, level of education, monthly income, qual-
ity of life, number of friends, and social participation
were significantly associated with Internet use.
Compared with males, females (OR 1.933, 95% CI

1.260 to 2.695, p < 0.05) were more likely to use the

Internet. The likelihood of the elderly using the Internet de-
clined with age (OR 0.888, 95% CI 0.851 to 0.926, p <
0.001). The odds rations show that secondary education
and a university degree rendered participants 3.6 times and
seven times more likely to use the Internet, respectively,
than those with primary school education or lower (OR
3.591, 95% CI 2.141 to 6.024, p < 0.001 and OR 6.978, 95%
CI 3.080 to 15.806, p < 0.001, respectively). We also found
those with income under ¥1500 were less likely to use
Internet (OR 0.373, 95% CI 0.174 to 0.800, p < 0.05). When
the quality of life, social participation, and number of
friends increased by a grade, Internet usage increased by
2.241 (OR 9.404, 95% CI 1.161 to 76.176, p < 0.05), 0.255
(OR 1.290, 95% CI 1.032 to 1.614, p < 0.05), and 0.262 (OR
1.299, 95% CI 1.040 to 1.623, p < 0.05), respectively.

Discussion
This study investigated the current state of Internet use
among the elderly in China and factors that influence it.
The results can provide theoretical and practical guid-
ance for society, equipment manufacturers, and family
members of elderly people to promote the use of the
Internet among the elderly.
First, we examined the state of Internet usage among

the elderly (Table 2). A total of 38.6% seniors used the
Internet. Compared with other developed regions in
China and people of other age groups, this ratio was low
[39–41]. The popularity of the Internet is significantly
affected by the level of economic development [42]. Be-
cause of the low economic development in Heilongjiang
province, the number of elderly people using the Inter-
net was small. In terms of the frequency of the use of
the Internet, we found that more than half the elderly
respondents surveyed used the Internet for less than 2 h
every day and 5 to 7 days every week. The findings indi-
cated that although the elderly used the Internet for
short periods of time, they used it almost every day.
Second, we analyzed activities of the elderly using the

Internet (Table 2). The Internet can offer a diverse array of
such activities, and can help them maintain social relations
and reduce the feeling of social isolation. Consistent with
previous observations, chatting online (74.2%) was the favor-
ite online activity among them [43]. The Internet provides a
convenient way to communicate with their families, friends,
and others, regardless of temporal and geographical restric-
tions [44]. We also found that the elderly liked to browse the
news (59%), and watch films and listen to music online
(32.7%). This allowed them to obtain information related to
their hobbies at any time and attend to current events [45].
With aging and the loss of physiological functions, the

elderly are eager to obtain health-related knowledge. The
Internet contains rich and comprehensive health informa-
tion that can meet their demands to a certain extent, and
this increases the frequency with which the elderly use the

Table 2 State of Internet use by the elderly (N = 258)

Variables n %

Number of Internet users 258 38.6

Daily online time

< 2 h 139 53.9

2–5 h 91 35.3

> 5 h 28 10.9

Weekly online days

< 3 days 27 10.5

3–5 days 37 14.3

5–7 days 194 75.2

Internet activitya

Chatting online 190 74.2

Reading news 151 59.0

Watching videos and listening to music 81 32.7

Searching for health information 56 22.5

Playing games 37 15.0

Shopping 17 6.8

Specific health information contenta

Diet care knowledge 159 63.1

Fitness knowledge 113 47.1

Medication condition 75 29.8

Food safety news 72 28.6

Disease-related information 33 13.1
aMultiple-choice questions

Table 3 Demand for digital health technologies

Service items Range M ± SDa

Smart bracelet 1–5 2.80 ± 1.07

Emergency caller 1–5 2.77 ± 1.01

Telemedicine 1–5 2.63 ± 0.94

Online health consultation 1–5 2.58 ± 0.95

Online appointment registration 1–5 2.52 ± 1.00

Pay for medical expenses online 1–5 2.45 ± 0.87
aM Mean, SD Standard deviation
Assignment description: The numbers 1–5 represent the range of responses
from “not at all” to “significantly needed.”
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Internet. A study of elderly such as African- Americans,
Hispanics and others showed that 63% of the elderly had
used the Internet to obtain health-related information, a
higher percentage than for other activities, such as paying
bills or ordering a product [46]. The results revealed that
22.5% of them searched for health information on the
Internet, including information about food, drugs, and
diseases. They focused on dietary knowledge and
knowledge of fitness (63.1 and 47.1%, respectively).
They also applied this knowledge to health manage-
ment. However, note that there is a large amount of
unscientific or incorrect health-related information on
the Internet that can mislead the elderly.
The development of the Internet has changed the way

people shop. We discovered that online shopping was the
least favorite activity among the elderly (6.8%). There are two
reasons for this. First, they lack the sufficient trust in Internet
security systems and fear that their personal information
may be leaked. Second, the elderly are not proficient enough
in the relevant operation of the Internet to shop [11].
Third, we examined the demands of the elderly for

digital health technologies (Table 3). We found that their
demands were at a medium level (Table 3). The highest
demand was reported for smart bracelets (M = 2.80), a
mobile health-monitoring tool that can automatically col-
lect data on the user’s activities and health, such as quality
of sleep and heart rate. The elderly also demanded emer-
gency callers (M = 2.77) for assistance in emergencies,
such as sudden illness or accidents. They also wanted

telemedicine services (M = 2.63). These products provide
basic health management and medical services for the eld-
erly. Their use is mainly influenced by demand from sup-
pliers and the elderly. From the government’s point of
view, it is possible to establish colleges for seniors to pro-
vide the necessary support and assistance [35]. Manufac-
turers should also make products more suitable for the
elderly and provide technical support. Family members of
the elderly should also support, encourage, and help them
learn and use these products [47]. At the same time, the
elderly should cultivate the skills of active learning.
Finally, we examined factors influencing Internet use

among the elderly. This can help understand the difficul-
ties and challenges faced by them in using the Internet.
Our results suggested that among demographic factors,

being a female, and higher education and income had a sig-
nificant impact on Internet use among the elderly (Table
4). Greater usage with higher education and income was
also consistent with previous studies [48]. Income status is
an important reference factor for measuring the capability
of the elderly for online consumption. A lack of sufficient
financial support directly affected purchasing power, which
restricted the use of Internet. Thus, smart product manu-
facturers should develop items that are affordable and easy
to operate for the elderly.
The results showed that quality of life positively con-

tributed to online activity (Table 4). This finding is con-
sistent with numerous studies [49, 50]. We found that
age was significantly associated with Internet use (Table

Table 4 Factors influencing Internet use

Variables B P values OR 95% CI

Sex (ref = Female) 0.659 0.003 1.933 1.260 2.695

Age −0.119 0.000 0.888 0.851 0.926

Education (ref = Primary school or below) 0.000

Secondary education 1.279 0.000 3.591 2.141 6.024

University degree 1.943 0.000 6.978 3.080 15.806

Marriage status (ref = Married) 0.332 0.269 1.393 0.774 2.507

Monthly income (¥) (ref≥ 3000) 0.035

< 1500 −0.987 0.011 0.373 0.174 0.800

1500–3000 −0.485 0.122 0.616 0.333 1.138

Number of children −0.134 0.230 0.874 0.703 1.088

Chronic diseases (ref = No) −0.353 0.117 1.423 0.916 2.210

House property (ref = No) −0.030 0.911 0.970 0.572 1.645

Living arrangements (ref = With children or others) −0.697 0.078 0.498 0.229 1.082

Quality of life 2.241 0.036 9.404 1.161 76.176

Loneliness −0.031 0.263 0.969 0.917 1.024

Social participation 0.255 0.025 1.290 1.032 1.614

Number of friends 0.262 0.021 1.299 1.040 1.623

B: Regression coefficient
CI CI code, OR ratio of odds
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4). Most elderly people suffer some decline in physical,
cognitive, visual, aural, and other functions with age,
which may be a barrier to Internet use [51]. In addition,
when the quality of life increased by a grade, Internet
use increased 2.241 times. The quality of life is a multi-
dimensional concept that includes not only physical
health, but also psychological health and social health.
The psychological health of the elderly and their use of
the Internet can affect each other. The elderly are also
prone to such psychological problems as loneliness and
fear, which enhances their tendency to use the Internet.
On the contrary, Internet use can also improve their
psychological health [32, 52].
Social participation by the elderly and the number of

friends they have are important reflectors of their quality
of life. Internet used by the elderly was significantly asso-
ciated with their number of friends and social participa-
tion. Our data showed that when the number of friends
and social participation of a respondent increased by a
grade, Internet use increased by 0.262 and 0.255, re-
spectively (Table 4), and this is consistent with previous
findings [47]. The influence of peer group was also an
important environmental factor. Furthermore, the eld-
erly were more likely to be motivated to learn and use
the Internet through peer support and encouragement.

Limitations
Two limitations of this study should be noted. First, it was
based on a small sample of the elderly population, which
limits the generalizability of the research findings here. A
survey was conducted in 13 cities (regions) in Heilong-
jiang Province to ensure that the data were representative.
Second, this study focused on whether the elderly use the
Internet without an extensive analysis of how they use it.

Conclusion
This study investigated the state of Internet use and demand
for digital health technologies among the elderly, and studied
factors influencing their online activity. The results show that
38.6% of the respondents used the Internet. Factors influen-
cing Internet use among the elderly were sex, age, education,
income, quality of life, social participation, and number of
friends. In the future, society, equipment manufacturers, and
family members of elderly people should work together to
mitigate barriers to Internet use for them. Greater social
interaction among them should also be encouraged to enable
them to reap the benefits of the information age.
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