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Abstract

Background: Nowadays, a number of people have Internet access in the U.S. Despite there being strong reasons to assume that
Internet diffusion may improve individuals’ health status, there remain some questions.

Objective: Information and communication technologies (ICT) play an important role in almost every aspect of citizens’ lives.
However, access to these technologies is not equally distributed among all groups, which can cause inequality. The current study
aims to reveal the mechanism of how internet access influences individuals’ health outcomes based on the digital divide theory.

Methods: The empirical data for this study were drawn from the Health Information National Trends Survey (HINTS) 5, cycle
4, 2020 (N=3,635). Mediation and moderation analyses were conducted to test the hypotheses proposed in this study.

Results: The study investigated the digital divide at all three levels (access, skill & use, and outcome). The findings reveal that
Internet access is positively associated with health status through the serial mediation of eHealth engagement and health efficacy.
The study also identified health self-efficacy as a mediator between the second (skill & use) and third (outcome) of the digital
divide. Additionally, the study found a negative moderation effect of education on the relationship between Internet access and
eHealth engagement.

Conclusions: To promote better public health conditions, it is essential to ensure more equitable access to the Internet. Internet
access can improve individuals’ eHealth engagement, which can then facilitate their health self-efficacy and eventually enhance
their overall health condition. Furthermore, we recommend that healthcare providers pay more attention to patients’ health self-
efficacy during online interactions and information offerings.
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How  Does  Internet  Access  Influence  Health  Status?  Moderated
Mediation Model Based on the Digital Divide

Abstract
Background: Nowadays, a number of people have Internet access in the U.S. Despite there
being strong reasons to assume that Internet diffusion may improve individuals’ health status,
there remain some questions.
Objective: Information and communication technologies (ICT) play an important role in 
almost every aspect of citizens’ lives. However, access to these technologies is not equally 
distributed among all groups, which can cause inequality. The current study aims to reveal the 
mechanism of how internet access influences individuals’ health outcomes based on the digital 
divide theory.
Methods: The empirical data for this study were drawn from the Health Information National 
Trends Survey (HINTS) 5, cycle 4, 2020 (N=3,635). Mediation and moderation analyses were 
conducted to test the hypotheses proposed in this study.
Results: The study investigated the digital divide at all three levels (access, skill & use, and 
outcome). The findings reveal that Internet access is positively associated with health status 
through the serial mediation of eHealth engagement and health efficacy. The study also 
identified health self-efficacy as a mediator between the second (skill & use) and third 
(outcome) of the digital divide. Additionally, the study found a negative moderation effect of 
education on the relationship between Internet access and eHealth engagement.
Conclusions: To promote better public health conditions, it is essential to ensure more 
equitable access to the Internet. Internet access can improve individuals’ eHealth engagement, 
which can then facilitate their health self-efficacy and eventually enhance their overall health 
condition. Furthermore, we recommend that healthcare providers pay more attention to 
patients’ health self-efficacy during online interactions and information offerings.

Keywords: Digital divide; Self-efficacy; eHealth; Internet access

Introduction
Nowadays, a number of people have Internet access in the U.S. Despite there being strong 
reasons to assume that Internet diffusion may improve individuals’ health status, there remain 
some questions. 

First, information on the internet may vary, so individuals will be exposed to both accurate and 
incorrect health information with wider internet access. Extensive literature found that 
internet diffusion could bring positive health outcomes, for instance, body weight management 
and healthy behaviors. However, other research revealed that internet access may be negatively
correlated with mental health and other health outcomes. In addition, during the pandemic, the
reliance on online systems has greatly increased [1]. With the digitalization of healthcare 
services boosted by the pandemic, Internet access has become fundamental for people to 
receive healthcare.  That is, people without Internet access may be marginalized in healthcare 
systems and lose opportunities to use eHealth tools which are increasingly prevailing. Thus, 
one’s internet access has become more significant for her health status than ever. Therefore, 
investigations into the connection between Internet access and health status are called for. The 
mixed findings, i.e., the different effects of internet access on health status across different 
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studies, might be that the internet may affect health status through various mechanisms. 
Nevertheless, we know very little about the mechanisms, given that related research is limited. 

To address these research gaps, this study has proposed and tested a moderated mediation 
model by analyzing representative data. Specifically, drawing on the previous works on the 
digital divide [2], we propose that eHealth activity and health self-efficacy might be potential 
mechanisms between internet access and health status. On this basis, this study contributes to 
the existing literature by revealing a novel mechanism that may help explain the sophisticated 
influence of internet access on health status.

Digital Divide and eHealth

The digital divide refers to the unequal distribution of access to and consequential inequalities 
in the use and skills of ICT, leading to disparities in outcomes across various domains, including
health [3–5]. To understand the concept better, a three-level distinction was defined: the access
gap, use & skill gap, and outcome gap [2]. Specifically, the first level of the digital divide, the 
access gap, pertains to the uneven distribution of physical access to ICT, such as the possession 
of digital devices and access to broadband Internet [6]. The second level, the Use & skill gap, is 
the inequality in using ICT (e.g., frequencies, patterns) and digital skills (e.g., digital literacy, 
information competence) [4]. The first two levels of the digital divide ultimately lead to the 
third level of the digital divide, that is, the outcome gap [2]. The outcomes of the digital divide 
manifest in various forms of inequality in society, such as wealth, social status, and health. 
Despite the interconnectedness of all three levels, most studies on the digital divide focus on 
one of the three levels, especially the second level [2]. Therefore, this study aims to investigate 
the mechanism of the interaction among these three digital gaps.

Internet access and eHealth engagement

EHealth refers to health services that are delivered to improve through the use of ICT [7,8]. 
According to the digital divide theory, the usage of eHealth, which is named eHealth 
engagement, is often identified as the second level of the digital divide, i.e., the use & skill gap. 
Meanwhile, the first level of the digital divide, that is, access to the Internet, is a key factor that 
enables individuals to use eHealth services for their healthcare needs [9]. Numerous studies 
have confirmed a positive association between Internet access and eHealth engagement. For 
instance, Yu et al. [10] have found that individuals with higher levels of Internet access were 
more likely to adopt social networking sites (SNS) for health-related purposes. Furthermore, 
scholars have shown that increased Internet access can lead to more online health-related 
activity among individuals living with AIDS [11]. Other studies [9,12] have also supported the 
positive effect of Internet access on the use of the Internet for health purposes. That is, the first 
access gap may be positively associated with the second use & skill gap within the health area.

eHealth engagement, motivational and actual health outcomes

Meanwhile, health outcomes which is the third gap, that is outcome level of the digital divide 
caused by eHealth engagement have caught scholars’ attention [2]. On the one hand, the 
disparity in digital skills can lead to unequal motivational outcomes, that is self-efficacy[2]. 
With the rise of the patient-centered model in healthcare, self-efficacy has received much 
attention [13]. Self-efficacy refers to people’s beliefs in their ability to attain desired goals [14]. 
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Research has shown that eHealth engagement, particularly through health-related social media
use, can have a positive impact on health self-efficacy. Previous studies, such as Niu et al. [15], 
reported that health-related social media use had a positive impact on health self-efficacy. 
Similar findings [16,17] were reported by previous works. This is because eHealth engagement 
could offer individuals more information and knowledge they need [15]. 

On the other hand, eHealth engagement as the second gap of the digital divide has also been 
viewed as a positive factor in improving actual health outcomes according to the theory. For 
instance, [18] found that Internet use can reduce mental problems among elder adults, and this
effect was also observed in younger populations [19]. Additionally, the role of Internet use in 
improving physical health has been identified as positive in both young and elder populations
[20,21]. 

Taking together, we, therefore, propose the interactive mechanism among these three levels of 
the digital divide: the first access level may be associated with both the motivational (health 
self-efficacy) and actual (health status) health outcomes through improving the second use & 
skill level. Thus, we proposed the following hypotheses: 

H1: EHealth engagement mediates the association between internet access and health self-
efficacy.

H2: EHealth engagement mediates the association between internet access and health status.

Through motivation to actual health outcome

The association between motivational outcome, i.e., self-efficacy, and the actual outcome, health
status, has been studied empirically in several works. For instance, scholars have found that 
self-efficacy is positively related to mental health [22]. Similar effects on both mental and 
physical health were observed in studies on patients with Type-2 diabetes [23] and heart 
diseases [24,25]. Therefore, we postulate a potential mechanism among the three levels of the 
digital divide: the access level positively associated with the eHealth use level, then improving 
individual’s health-related motivational outcomes, eventually enhancing their actual health 
outcomes, that is health status. Thus, we formulated the following hypothesis: 

H3: The positive association between internet access and health status is sequentially 
mediated by eHealth engagement and health self-efficacy.

Internet access and its health outcomes

It is worth noting that access level is a fundamental requirement for obtaining both 
motivational and actual health outcomes through engaging in health-related online activities. 
On the one hand, Lack of Internet access would prevent people from getting health-related 
cultural capital. This would eventually limit people’s ability to maintain their health [26]. 
Therefore, the disparity in Internet access would finally lead to one in actual health outcomes. 
For example, studies have shown that individuals with spinal cord injuries who have greater 
access to the Internet report higher levels of perceived health and experience more significant 
improvements in their health over time [27].

However, several studies have found differences in motivational outcomes, that is self-efficacy 
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derived from Internet access [28,29]. Specifically, when it comes to health-related self-efficacy, 
a study by Jiang & Liu found no significant association [30]. Nevertheless, given the changing 
times and social context, we argue that it is necessary to retest this relationship to further our 
understanding of the digital divide in the healthcare area.
Therefore, we proposed the following hypotheses: 

H4: Internet access is positively associated with health self-efficacy.

H5: Internet access is positively associated with health status.

Education as the moderator

Socioeconomic status is widely recognized as one of the most important factors in digital divide
theory. Particularly, insufficient education has been considered the major barrier to accessing 
digital technologies [31,32].  For instance, scholars have found that education, in particular, has 
a  positive effect on Internet health information seeking [30]. Similarly, other studies have 
confirmed that education was an important predictor of eHealth engagement[9,33,34]. Thus, 
we posit that the impact of Internet access on eHealth behavior may differ among different 
education groups. To explore this possibility, we have formulated the following hypothesis, and 
the whole model is shown in Figure 1: 

H6: Education positively moderates the association between internet access and eHealth 
engagement.

Figure 1. Proposed model

Methods

Sampling
The data of this study was drawn from the Health Information National Trends Survey collected
in 2020 (HINTS 5, Cycle 4). HINTS is a nationally representative survey administered by the 
National Cancer Institute to assess American adults’ access to health information, as well as 
their health-related knowledge, attitudes, and behaviors. More details about HINTS are 

Internet access EHealth 
engagement

Health status

Health 
self-efficacy

Education
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available at https://hints.cancer.gov/. The final sample size is 3635. 

Measures 
Internet Access was measured by three items [30] about participants’ device possession of (1) a 
tablet computer, (2) a smartphone, and (3) a basic cell phone only. Responses were summed up 
with having a tablet computer or smartphone coded as 2, having a basic cell phone only as 1, 
and having none of the above as 0 to assess the internet access of participants. Higher scores 
indicated higher internet access. 

EHealth engagement was measured by four items [35] on participants’ experience of using 
electronic means in the past 12 months to (1) look for health or medical information for 
themselves; (2) communicate with a doctor or a doctor’s office; (3) lookup medical test results; 
and (4) make appointments with a health care provider. Dichotomous responses (1 = yes, 0 = 
no) were added up to represent participants’ level of eHealth engagement. A higher score 
meant a higher level of eHealth engagement. 

Health Self-efficacy was measured by a single item [30] about how confident the participant is 
to take good care of her health on a 5-point Likert scale (from 1 = non-confident at all to 5 = 
completely confident). 

Education was also measured by a single item on the highest schooling level of the participant 
completed (from 1 = less than 8 years to 7 = postgraduates). 

Health Status was measured by asking participants about whether a doctor or other health 
professional ever told them that they had: (1) diabetes or high blood sugar; (2) high blood 
pressure or hypertension; (3) a heart status; (4) chronic lung disease, asthma, emphysema or 
chronic bronchitis; and (5) depression or anxiety disorder[1]. Dichotomous responses (1 = no, 
0 = yes) were summed up to construct the variable. A higher score represented a participant’s 
better health status. 

Socio-demographic variables include gender (1 = male, 0 = female) and age (18-24 years = 1, 
25-59 years = 2, 60-104 years = 3). 

Results
Data were analyzed with the PROCESS macro [36] of SPSS 26. Model 6 was used to test the 
serial mediation model, while model 83 was applied to test the moderation model. 

Sample characteristics are shown in Table 1. Most participants were female (58.5%). As shown
in Table 2, most of the variables of interest were correlated. 
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Table 1. Descriptive statistics of variables (N=3,635) 
Original scale 0-1 Percentage scale

Variables Min Max Mean/% SD Min Max Mean/% SD
1. Gender (1 =

male)
Female 58.5 58.5

Male 41.5 41.5
2. Agea 1 3 2.45 0.56 0 1 .73 .28

3. Internet access 0 4 2.82 1.29 0 1 .71 .32
4. EHealth activity 0 4 2.11 1.46 0 1 .53 .37

5. Health self-
efficacy

1 5 3.86 1.46 0 1 .71 .21

6. Health status 0 5 3.85 0.83 0 1 .77 .22
7. Education 1 3 2.18 0.82 0 1 .59 .41

aAge (18-24 years = 1, 25-59 years = 2, 60-104 years = 3)

https://preprints.jmir.org/preprint/57890 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Ao et al

Table 2. Zero-order correlation (N=3,635)
*p < .05, **p < .01, ***p < .001.

1 2 3 4 5 6

1. Age
2. Gender -.02
3. Education -.15*** .27***
4. Internet access -.28*** .06*** .24***
5. EHealth engagement -.23*** .08*** .28*** .37***
6. Health self-efficacy -.05** .03* .11*** .11*** .07***
7. Health condition -.30*** -.05** .08*** .11*** .03 .22***
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Results showed that the indirect association between Internet access and health 
status through eHealth engagement and health self-efficacy was statistically 
significant. 

As shown in Tables 3 & 4, H1 predicted a positive and indirect association 
between Internet access and health self-efficacy through eHealth engagement. 
Findings suggested that Internet access was positively associated with health 
self-efficacy through eHealth engagement (b = 0.01, bp = .01, 95%CI: [.01, .01]). 
Thus, H1 was supported.

H2 proposed a positive effect of eHealth engagement on health status through 
eHealth status. EHealth engagement was found to mediate the association 
between internet access and health status (b = -0.01, bp = -.01, 95%CI: [-.02, 
-.004]), which supported H2. 

H3 proposed the sequential mediation roles of eHealth engagement and health 
self-efficacy in this study. Indirect associations of Internet access and health 
status through eHealth engagement and health self-efficacy (b = 0.002, bp = .001, 
95%CI: [.0001, .01]) were supported by the findings. Thus, H3 was supported. 

The direct path from Internet access to health self-efficacy was predicted by H4. 
Findings supported the increase of Internet access positively influenced health 
self-efficacy (b = 0.06, bp = .03, p < .001), thus supporting H4. 

H5 was about the direct association between internet access and health status. 
Findings suggested that internet access was positively associated with health 
status (b = .05, bp = .03 p < .001). Thus, H5 was supported.

H6 proposed a positive moderation effect of education on the association 
between Internet access and health engagement. To address research question 1, 
moderation analysis was conducted. The positive moderation effect of education 
i.e., the positive association between the interaction between Internet access and 
education (internet access × education) and eHealth engagement, was marginally
significant (see Table 5). High (M + 1SD), medium (M), and low (M - 1SD) groups 
of education were conducted to investigate the moderation effect. As shown in 
Figure 4, the slope increased from the high to medium education group and 
medium to low education group, which supported the positive moderation effect 
of education on the association between Internet access and eHealth 
engagement. 
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Table 3. Hierarchical regression models
b (bp) SE 95% CI p

EHealth engagement
Internet access 0.35(.47)*** .02 [.31, .38] < .001

Education 0.10(.23)*** .01 [.08, .11] < .001
Internet

access*education
0.01(.20)* .01 [.003, .02]

.014

Health self-efficacy
Internet access 0.06(.03)*** .01 [.04, .09] < .001

EHealth engagement 0.02(.02)* .01 [.002, .04] .034
Health status

Internet access 0.04(.02)** .01 [.02, .07] .002
EHealth engagement -0.04(-.03)** .01 [-.06, -.01] .004

Health self-efficacy 0.29(.26)*** .02 [.25, .33] < .001
*p < .05, **p < .01, ***p < .001.

Table 4. Mediation models
b (bp) SE 95% CI

Direct effects
Internet access→EHealth engagement 0.35(.47) .02 [.32, .38]

Internet access→Health self-efficacy 0.06(.03) .01 [.04, .09]
EHealth engagement→Health self-efficacy 0.02(.02) .01 [.002, .04]

EHealth engagement→Health status -0.04(-.03) .01 [-.06, -.01]
Health self-efficacy→Health status 0.29(.29) .02 [.25, .33]

Internet access→Health Status 0.05(.02) .02 [.02, .08]
Indirect effects

Internet access→EHealth engagement→Health
status

-0.01(-.01) .01 [-.02, -.004]

Internet access→EHealth engagement →Health
self-efficacy

0.01(.01)
.00
4

[.01, .01]

Internet Access→EHealth engagement→Health
self-efficacy→Health status

0.002(.001)
.00
1

[.0001, .01]

Total effect
Internet access→Health status 0.05(.03) .01 [.02, .08]
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Internet access Ehealth engagement

Health status

Health 
self-efficacy

Education

0.01 (.20)*

0.35 (.48)***

0.06 (.03)***

-0.04 (-.03)**

0.29 (.29)***

-0.04 (-.03)**

0.05 (.03)**

Internet access Health status0.05 (.03)***

Table 5. Conditional effects of internet access → EHealth engagement path
Education b (bp) SE 95%CI p

M - 1SD 0.31(.21) .02 [.27, .35] < .001
M 0.35(.23) .02 [.31, .38] < .001
M + 1SD 0.38(.25) .02 [.34, .43] < .001

Figure 2. Effects of the mediation model

*p<.05, **p<.01, ***p<.001.

Percentage coefficients (bp) are in the parentheses
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Figure 3. Moderation effects of education on Internet access → EHealth

engagement Path
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Discussion

Theoretical Implications

This study used secondary data from HINTS to examine the impact of Internet 
access on health status through eHealth engagement and health self-efficacy. 
These findings of the study have important theoretical implications, especially 
for the digital divide theory. 

First, our results are consistent with prior research indicating that owning more 
types of digital devices is associated with greater eHealth engagement. That is, 
having more types of digital devices leads to more eHealth engagement. When 
people have greater Internet access, they perceive the Internet more useful and 
finally become more involved in online activities [30,37]. It is worth noting that 
more than 10% of the respondents in HINTS 5, Cycle 4 did not own mobile 
devices to access the Internet. This underscores the importance of addressing the
needs of the "10% that lagged behind" to promote public health.

Second, this study uncovered some interesting findings related to the second to 
the third level of the digital divide.  Specifically, the analysis revealed a negative 
association between eHealth engagement and health status, which is contrary to 
the expectations outlined in Hypothesis 2. One possible explanation for this 
unexpected result is the negative effect of Internet use, which has been shown to 
impact mental health negatively when used as a coping tool, as previous studies 
have suggested [38].  In the case of eHealth technology, scholars have noticed 
that acquiring much health information with such technology may increase 
health anxiety or even cyberchondria, which may undermine individuals’ health 
status [39]. Additionally, poor-quality online health information provided by 
some eHealth services may also negatively influence individuals’ mental health 
due to the discomfort and confusion it causes [40]. 

In this study, the negative effect of eHealth engagement on health status was 
found to be alleviated by health self-efficacy, for hypotheses 4 and 6 were 
supported, providing a potential solution to health-related issues caused by 
Internet use. The alleviating effect of health self-efficacy might be due to the 
correlation between self-efficacy and health self-management [25,41]. It means 
that people with higher self-efficacy would have more frequent health 
management behaviors. Therefore, their health status could be maintained at a 
satisfactory level. This finding is quite important because it offers a possible way 
to deal with health-related problems of Internet use. 

Additionally, the role of health self-efficacy as the motivational determinant of 
outcomes of the digital divide was confirmed in this study. Among the three 
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levels of the digital divide, the outcome is the least studied [2]. Thus, 
investigating its determinants and psychological mechanism is of significance. 
The findings concerning health self-efficacy were consistent with previous 
works[22,30]. Specifically, the disparity in Internet use may cause a disparity in 
health outcomes through unevenly distributed levels of self-efficacy it led to. 
Thus, this study has confirmed the role self-efficacy plays in the digital divide. As 
mentioned above, the findings of extant works are inconsistent regarding 
whether internet access is beneficial for individual health status. The findings of 
this study have echoed our prior argument that the mixed findings are largely 
due to the differences in mechanisms that link internet access and health status. 
Specifically, we have identified two different mechanisms. Through eHealth 
engagement, internet access may have a detrimental effect on health status, 
which may be explained by the quality of online health information that varies 
greatly, as discussed above. Despite this, eHealth engagement may enhance the 
health self-efficacy of individuals, thus improving their health status. The finding 
extends the existing literature regarding eHealth and the digital divide by 
identifying the complex process by which internet access affects health status. On
this basis, this study has suggested a potential explanation for the inconsistency 
in previous studies and pointed out a future direction for more in-depth 
investigation. That is, researchers may further analyze the information and 
functions provided by eHealth tools to better understand the role eHealth plays 
in health maintenance and promotion.

Nevertheless, the study discovered a positive moderation effect of education on 
the association between Internet access and eHealth engagement, which is not 
surprising given the tight association between the digital divide and socio-
demographic factors. Well-educated people can benefit more from Internet 
access and use eHealth technologies to manage their health and acquire health 
information. Taking together, this study has also confirmed that the increasing 
reliance on eHealth tools in accessing healthcare services has enhanced the 
influence of internet access on the health status of individuals. Specifically, we 
have found that internet access may affect health status through the mediation of
eHealth engagement and health self-efficacy. By revealing this, the current study 
advances our understanding of internet access’s role in health promotion in the 
(post-)pandemic era. 

Practical Implications

The present study has important practical implications. Firstly, despite the perception

that Internet access in developed countries is ubiquitous [2], this study highlights 

that disparities in Internet access still exist in America [42]. Therefore, efforts should 

be made to ensure that Internet access is more widely available and affordable to 

improve patients' eHealth engagement and ultimately contribute to positive health 

outcomes. Secondly, this study found negative relationships between individuals’ 
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eHealth engagement and health conditions unexpectedly. This finding may be caused

by the uneven quality of online health-related information and services. eHealth 

service providers and practitioners must pay particular attention to the quality of 

information provided by eHealth tools to avoid negative impacts on patients' health. 

Thirdly, to facilitate patient efficacy, health providers should pay attention to the 

communication quality when interacting with patients using eHealth tools. For 

instance, health providers use patient-centered communication to empower patients

and improve their health efficacy, leading to better patient health outcomes.   

Limitations

Some limitations of the study should be acknowledged. First, the data analyzed in
the study is cross-sectional, which makes it impossible to establish causal 
relationships. Therefore, we call for longitudinal studies on the digital divide. 
Second, due to the limitations of the secondary data, health self-efficacy is 
measured by a single item, which may not capture the construct's complexity. 
Future studies could improve by using more sophisticated measurements. Third, 
the average age of HINTS respondents is over 50. Thus, future studies could pay 
more attention to younger age groups to increase the generalizability of the 
findings.

Conclusions

The digital divide is a widespread issue that affects access, usage, skills, and 
health outcomes of ICT even in developed countries like the U.S. Our study, based 
on secondary data from a representative survey in the U.S., shows that the 
unequal distribution of Internet access can negatively impact health status 
through the serial mediation of eHealth engagement and health self-efficacy. By 
examining associations among different levels of the digital divide, we contribute 
to the existing literature and identify health self-efficacy as the underlying 
mechanism linking technology use to health status.  Our findings underscore the 
need for more equitable access to the Internet, eHealth technology, and high-
quality health information to improve overall public health. It is essential to 
address the digital divide to achieve better health outcomes for all.
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