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Abstract

Purpose—The increase in use of health information technologies (HIT) presents new 

opportunities for patient engagement and self-management. Patients in rural areas stand to benefit 

especially from increased access to health care tools and electronic communication with providers. 

We assessed the adoption of 4 HIT tools over time by rural or urban residency.

Methods—Analyses were conducted using data from 7 iterations of the National Cancer 

Institute’s Health Information National Trends Survey (HINTS; 2003–2014). Rural/urban 

residency was based on the USDA’s 2003 Rural-Urban Continuum Codes. Outcomes of interest 

included managing personal health information online; whether providers maintain electronic 

health records (EHRs); e-mailing health care providers; and purchasing medicine online. Bivariate 

analyses and logistic regression were used to assess relationships between geography and 

outcomes, controlling for sociodemographic characteristics.

Findings—In total, 6,043 (17.6%, weighted) of the 33,749 respondents across the 7 

administrations of HINTS lived in rural areas. Rural participants were less likely to report regular 

access to Internet (OR = 0.70, 95% CI = 0.61–0.80). Rural respondents were neither more nor less 

likely to report that their health care providers maintained EHRs than were urban respondents; 

however, they had decreased odds of managing personal health information online (OR = 0.59, 

95% CI = 0.40–0.78) and e-mailing health care providers (OR = 0.62, 95% CI = 0.49–0.77).

Conclusions—The digital divide between rural and urban residents extends to HIT. Additional 

investigation is needed to determine whether the decreased use of HIT may be due to lack of 

Internet connectivity or awareness of these tools.
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Internet connectivity is a driving force in innovation and provides access to information 

through search engines, learning platforms and social media. As we move into a more 

digitally connected world, we are working to harness the power of Internet connectivity into 

health information technologies (HIT) to improve access to health care. As a result of the 

Affordable Care Act and its mandates, patients are now offered access to their electronic 

health records (EHRs) through online patient portals and, with the advent of telemedicine, 

are able to communicate with their doctors via email or text messages to help form and 

monitor treatment plans.1,2 These types of exchanges between patients and their health care 

providers have been effective in reducing travel time to appointments and long waiting 

periods.3–5 Most importantly, they have provided efficient and direct access to health 

information and health care providers. However, studies have shown that, despite efforts to 

ensure access to Internet resources, some populations remain behind in Internet access, 

connection quality, and technological literacy, thus creating a digital divide in access to both 

providers and health information.6,7

Statistics from the National Cancer Institute’s Health Information National Trends Survey 

(HINTS) show that among US adults, 83% had accessed the Internet in 2014, a dramatic 

increase of 20% from 2003.8–10 Additional investigations have revealed that there remains a 

divide in Internet access among racial groups, education levels and age, in spite of this 

overall progress. Indeed, the digital divide between African Americans, Hispanics, Native 

Americans, and their white counterparts extends beyond Internet usage to health 

technologies.11 This digital divide also extends beyond typical sociodemographic 

characteristics to the types of communities in which Americans reside. According to the 

2010 United States Census, roughly 59 million Americans (19.3%) live in rural areas where 

health care workforce shortages are critical, leading to reduced access to general and 

specialty health care.12–14 For patients in rural areas, the rise of HIT implementation, 

including EHRs and their associated patient portals, may be part of the solution for reducing 

barriers in access to care and communication with health care providers. Unfortunately, 

Americans residing in rural areas are approximately 2 times less likely to report Internet use 

than those who live in urban areas.15 Furthermore, two-thirds of rural counties have poverty 

rates at or above the national average of 14.4%; lower education rates; and an influx of black 

and Hispanic populations, all adding potential risk for increased disparities in HIT access 

and health literacy.6,12 In short, these populations are less likely to benefit from the recent 

advances in HIT and telemedicine due to lack of access to the Internet.

As evidenced by recent policy changes, closing the digital divide has become a priority in 

the past 15 years. Goals aiming to provide equal access to electronic health across the US 

population were included in the Healthy People 2010 and Healthy People 2020 objectives, a 

comprehensive set of health priorities for the nation.16,17 The Obama administration has 

supported the HIT objectives by investing in network infrastructure, sponsoring high-speed 
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Internet access in classrooms, and providing resources to local and state government for 

increased Internet connectivity.6 Additional efforts to increase broadband access in rural 

areas have been supported by the United States Department of Agriculture’s Rural Utilities 

Service (RUS) program.18 HIT has proven to be beneficial in several communities and holds 

promise for rural populations; however, only a few studies have examined uptake of HIT 

tools by rural residents.19–21 Furthermore, a 2015 assessment of Healthy People 2020 in a 

rural context revealed that access to health care and resources remains the number one 

challenge for rural residents.22 In this report, we assess the overall rates of utilization of HIT 

tools by those residing in rural parts of the US and compare these rates with that of urban 

residents using data from the National Cancer Institute's HINTS program.

Methods

Survey Population and Data Collection

For this study, we utilized data from all 7 administrations of the Health Information National 

Trends Survey (HINTS), a nationally representative probability-based cross-sectional survey 

of non-institutionalized adults (18+) in the US. HINTS collects information from the general 

public on topics including demographics, perceptions and use of health-related information, 

and attitudes towards and use of health information technologies. Survey administrations 

occurred periodically between 2003 and 2014 via random digit dialing and mailing. The 7 

iterations of HINTS have yielded a total sample of 34,080 respondents. For the telephone 

random digit dialing administration, response rates were 33% in 2003, 21% in 2005, and 

21% in 2008; for mail administration, response rates were 31% in 2008 (dual 

administration), 37% in 2011, 40% in 2012, 35% in 2013, and 34% in 2014. Respondents to 

the first 6 administrations tended to be non-Hispanic white, female, higher income, more 

educated, older, and urban residents. The most recent survey in 2014 oversampled for 

minorities and individuals living in Appalachia. Additional information about data 

collection, including sampling frames and weighting methodologies, can be found in the 

corresponding methodology reports.8,23,24

Categorizing Urbanity

The HINTS dataset includes a variable classifying respondent “urbanity” using the United 

States Department of Agriculture’s 2003 Rural-Urban Continuum (RUC) Code. Briefly, the 

RUC code divides respondents into categories based on whether they are in a metro or non-

metro county and the population of the county. Additional information regarding RUC codes 

can be found at http://www.ers.usda.gov/data-products/rural-urban-continuum-codes/.aspx.
25 Codes 1–3 representing metro counties with populations of 250,000 or greater make up 

our urban category; codes 4–9 for non-metro counties, both adjacent and nonadjacent to 

metro counties, with populations ranging from 2,500–20,000 were included in our rural 

designation.

Bivariate Analyses of Sociodemographic Characteristics and Geography

Analyses were conducted using SAS-callable SUDAAN 11.0.0 (RTI International, Research 

Triangle Park, North Carolina), which allows for the incorporation of the jackknife replicate 

weights to estimate accurate variance estimates for statistical modeling; all analyses were 
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weighted to obtain population estimates. Descriptive and bivariate analyses were conducted 

for each of the survey items of interest to compare urban and rural populations. 

Sociodemographic variables examined in relation to these items included age, sex, race/

ethnicity, education, income level, and health insurance coverage.

Multivariate Logistic Regression of Utilizing Electronic PHI Tools by Geography

As with the bivariate analyses, multivariate logistic regression was conducted using SAS-

callable SUDAAN 11.0.0, allowing the use of jackknife replicate weights to obtain 

population estimates. To investigate differences in associations and trends in the items of 

interest by urban and rural status, logistic regression analyses were performed for each of the 

following outcomes of interest (all with response options of Yes or No):

1. “Do you ever go on-line to access the Internet or World Wide Web, or to send 

and receive e-mail?”

2. “As far as you know, do your health care providers maintain your medical 

information in a portable, electronic format?”

3. “In the last 12 months, have you used the Internet for any of the following 

reasons? Kept track of personal health information such as care received, test 

results, or upcoming medical appointments?”

4. “In the last 12 months, have you used e-mail or the Internet to communicate with 

a doctor or doctor’s office?”

5. “In the last 12 months, have you bought medicine or vitamins on-line?”

All multivariate logistic regression models controlled for age, sex, race/ethnicity, education, 

income level, and survey year. As health insurance was not significantly different between 

urban and rural respondents, it was dropped to create more parsimonious models. 

Additionally, regular Internet use was 100% correlated with managing protected health 

information (PHI) online in the past 12 months, emailing a doctor in the past 12 months, and 

purchasing medicine online in the past 12 months; therefore, the sample was restricted to 

only individuals who reported having regular Internet access (N=23,024). Interaction terms 

for geography and survey administration were added to each model to assess differential 

change over time of administration and calculate predicted marginals.

Results

Associations Between Sociodemographic Characteristics and Geography

Of the respondents, 27,706 (82.4%) were urban residents and 6,043 (17.6%) were rural 

residents. Although there was variation in the sociodemographic characteristics of 

respondents to HINTS administrations, the samples were generally representative of the US 

population. Respondents in the weighted samples tended to be female, aged 34 and older, 

non-Hispanic white, have some college education, have health insurance, and have higher 

incomes (Table 1). While Chi-squared tests revealed a significant difference in the number 

of rural and urban respondents across HINTS administrations, the percentages themselves 

did not vary greatly.
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Significant differences were found by age, race/ethnicity, education, and income by 

geography. There tended to be a higher percentage of older respondents in rural areas 

compared to urban areas; similarly, there was a higher percentage of non-Hispanic white 

rural respondents compared to non-Hispanic white urban respondents (Table 1). Of those 

respondents living in rural areas, there was a significantly lower percentage with at least 

some college education or higher (51.2%) as compared to respondents in urban areas 

(64.5%). Of those living in urban areas, 50.8% reported an annual income of $50,000 or 

greater, compared to 37.2% of rural respondents. Additionally, a significant difference was 

found in the percentage of respondents reporting regular Internet access between urban and 

rural areas (75.4% vs 65.0%, respectively). No significant difference was found in the 

number of respondents reporting having health insurance coverage (Table 1).

Assessing Differences in Probability of Utilizing Electronic PHI Tools by Geography

We then conducted multivariable binomial logistic regression analyses on our outcomes of 

interest using model selection techniques (including Hosmer-Lemeshow and Akaike’s 

Information Criterion). All dependent variables were analyzed with urban/rural status, age, 

sex, race/ethnicity, education, income, Internet use, and health insurance status as 

independent variables (see Appendix Supplementary Tables 1–5, available online only).

Analyses revealed that individuals who reside in rural areas have significantly lower odds of 

having regular Internet access or use (OR = 0.70, 95% CI = 0.61–0.80; Table 2; Figure 1). 

Rural respondents are neither more nor less likely to report that their provider maintained 

EHRs compared to urban respondents (OR = 1.23, 95% CI = 0.98–1.58; Table 2; 

Supplemental Table 2; Figure 2). However, rural respondents who reported having regular 

Internet access had significantly lower odds of having managed either PHI online in the past 

12 months (OR = 0.59, 95% CI = 0.45–0.78; Table 2; Figure 3) and of having emailed a 

doctor in the past 12 months (OR = 0.62, 95% CI = 0.49–0.77; Table 2; Figure 4) compared 

to their urban counterparts with regular Internet access. No significant difference was found 

in odds of whether a respondent ordered medicine or vitamins online in the past 12 months 

(Table 2). Increases in uptake of these tools were seen across all HINTS administration 

years, with rural participants generally lagging behind urban participants in adoption, but 

still increasing (Figures 1–4). No significant interactions were observed between rural/urban 

residency and survey year in any of the models examined, indicating that there was no 

change in survey response over time by geography.

Discussion

The digital divide, often characterized by race, education, and income, includes unequal 

access by geography, notably by rural versus urban residence.6,11,20,26 To determine whether 

the digital divide extends to and impacts use of HIT tools by rural residents compared to 

urban residents, we analyzed data from a nationally representative sample of non-

institutionalized Americans aged 18 and older. Our results showed a significant difference in 

emailing doctors and managing PHI online for rural residents versus urban. These results 

point to a delayed adoption of certain HIT tools, likely due to the lag in Internet access and 

literacy for rural communities.10,27
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Analysis of our sample revealed that individuals residing in rural areas generally had lower 

levels of education. No difference, however, was seen in the proportion of those reporting 

having health insurance; this is in contrast with a report from the Kaiser Family Foundation, 

which found that there are higher rates of uninsured patients in rural areas, as two-thirds of 

rural individuals live in states which are not expanding Medicaid.28 We hypothesize that this 

lack of difference in our sample may be a function of self-selection of respondents (ie, those 

with health insurance may have been more likely to respond to a health-related survey than 

those without).28–30 Consistent with existing literature, regular access to Internet was lower 

among rural residents compared to urban residents.7,15 While uptake of Internet use has 

increased dramatically in both settings, our data support the conclusion that this disparity 

persists, even after adjusting for relevant sociodemographic characteristics.

Our findings revealed that respondents living in rural areas were neither more nor less likely 

to report that their providers maintain EHRs compared to urban respondents. Recent reports 

from the Office of the National Coordinator for Health Information Technology, among 

others, have stated that there is a similar rate of uptake and implementation of EHRs in rural 

and urban health care settings.31 Despite the similar levels of implementation and the greater 

awareness of use of the HIT tools among rural and urban patients, however, those residing in 

rural areas in our study had significantly lower odds of e-mailing a health care provider or 

managing their PHI online. Furthermore, only respondents reporting regular Internet access 

had ever engaged with any of these tools. No difference was seen in the rates of rural and 

urban residents in ordering medication online.

Collectively these data suggest that, while there is a high level of implementation of these 

tools by health care providers in rural areas of the US, there is a distinct need for targeted 

interventions to increase Internet access for rural patients to be able to reap the benefits of 

their providers’ forward-thinking nature. A few states and regions of Canada with high 

proportions of rural residents have piloted interventions using telehealth to bridge the access 

gaps in care for rural areas; however, few interventions have focused on increasing the use of 

electronic health records and personal health information management online in these 

populations.3,4,32

When examining trends over time, we observed that the percentages of managing PHI online 

and emailing a health care provider were very similar between urban and rural populations 

in 2008. After that time, overall utilization began to increase more rapidly; however, rural 

populations began to lag in uptake, with the gap increasing through the last administration of 

HINTS in 2014. These findings are consistent with results in a previous publication, which 

examined these items using only data from the 2008 administration (HINTS 3) and found 

low overall utilization and no significant difference in use of these technologies by 

geography.10 The authors hypothesized that the low use was due to lack of institutional 

support for these HIT tools. We, in turn, hypothesize that the overall increase in use of these 

technologies since 2010 may be a result of the implementation of the US government’s 

Health Information Technology for Economic and Clinical Health (HITECH) Act and the 

Centers for Medicare and Medicaid Services’ Meaningful Use program, and that the 

difference in use of these tools between rural and urban populations may be attributable to 

differences in Internet access.33,34 A recent study conducted by analysts at the Office of the 
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National Coordinator for Health Information Technology supports this hypothesis, as it 

revealed that adoption of HIT by rural providers is greater than or equal to that of their urban 

counterparts, but that the rates of meaningful use attestation may be lower among rural 

providers than among urban ones.35

Additionally, mobile technologies have the potential to serve as an additional avenue for 

increasing access to HIT tools and online PHI. According to the Pew Research Center, 87% 

of rural residents own a cell phone; of these, approximately half use their cell phone to 

access the Internet.36,37 While several interventions have successfully used mobile devices 

to support rural health care providers, investigators and care providers are only beginning to 

create technologies that specifically target rural residents who own mobile devices.38,39 

Nonetheless, we propose that there is potential for targeted implementation of mHealth 

technologies among rural communities to help patients in these locations manage their care. 

One example of such an intervention is body sensors and monitoring using mobile devices to 

allow for improved self-management of blood pressure, falls, and diabetes.40,41 Another is 

in teledermatology, in which a patient can photograph a lesion and receive clinical feedback 

from a primary care provider; this is already being piloted in South Dakota.42 While uptake 

of these interventions on a broader scale will require additional study, similar methods and 

HIT tools have been shown to be highly successful in rural areas worldwide, such as 

Ethiopia, Uganda, and Zambia.43–46

One of the major strengths of this investigation is in the use of a large, multi-year, nationally 

representative sample of US adults to examine differences in use of HIT tools by whether 

respondents lived in rural or urban areas. This is the first study we are aware of that 

examines differences in uptake of these technologies in this manner and across time. 

Limitations of this investigation are those often associated with cross-sectional surveys, 

including low response rates and inability to infer causation. Additionally, the outcomes 

examined do not include follow-up questions regarding what type of PHI or online tools 

were used, which provider was emailed, and frequency of use. Finally, because we used 

HINTS data dating back to 2003, we were unable to analyze all cycles using the updated 

Rural-Urban Continuum codes from 2013, and therefore we had to apply the 2003 

definitions to all HINTS administrations for consistency.

Conclusion

In the present investigation, we sought to determine whether there are differences in use of 

various forms of HIT between rural and urban residents in a national probability sample of 

adults in the US. Although our results demonstrate that there is a significant difference in 

utilization of different forms of HIT tools between the 2 populations, there are several other 

components which play an important role in Internet access and utilization of HIT which we 

were unable to explore due to limitations of secondary analysis of these data. Interventions 

targeted towards increasing access to, awareness of, and use of these tools in rural areas has 

great potential to not only improve the care delivered to these individuals but also to increase 

patients’ self-efficacy with regard to taking care of their own health. Future investigations 

should focus on these interventions as well as whether implementation of these tools in rural 

areas affects clinical and patient-reported outcomes.
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Figure 1. 
Predicted marginals of having regular Internet access by urban-rural categorization across 

the 7 administrations of the Health Information National Trends Survey (HINTS) from 

2003–2014, weighted to data from the 2010 US Census and controlling for age, sex, race/

ethnicity, education, income level, and survey year.
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Figure 2. 
Predicted marginals of reporting that health care providers maintained electronic health 

records by urban-rural categorization across 5 administrations of the Health Information 

National Trends Survey (HINTS) from 2008–2014, weighted to data from the 2010 US 

Census and controlling for age, sex, race/ethnicity, education, income level, and survey year.
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Figure 3. 
Predicted marginals of having managed personal health information online in the past 12 

months by urban-rural categorization across 3 administrations of the Health Information 

National Trends Survey (HINTS) from 2008–2014, weighted to data from the 2010 US 

Census and controlling for age, sex, race/ethnicity, education, income level, and survey year.
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Figure 4. 
Predicted marginals of having emailed a health care provider in the past 12 months by 

urban-rural categorization across 5 administrations of the Health Information National 

Trends Survey (HINTS) from 2003–2013, weighted to data from the 2010 US Census and 

controlling for age, sex, race/ethnicity, education, income level, and survey year.
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Table 1

Sociodemographic and Internet Accessibility by Urban-Rural Classificationa

Geographic Location
n (%)

Urban Rural Chi-square P value

Overall 27706 6043

Gender 3.058 .081

Male 10674 (48.7%) 2308 (46.7%)

Female 17032 (51.3%) 3735 (53.3%)

Age 14.9316 < .001

18–34 4974 (31.4%) 831 (24.9%)

35–49 7142 (29.0%) 1376 (27.6%)

50–64 8323 (23.6%) 1939 (26.6%)

65–74 3944 (8.7%) 1040 (11.7%)

≥75 3112 (7.3%) 810 (9.1%)

Race/ethnicity 118.222 < .001

NH white 17203 (61.6%) 4639 (78.7%)

Hispanic 3632 (15.1%) 273 (4.6%)

NH black 3427 (11.1%) 441 (6.5%)

NH other 1712 (7.0%) 250 (4.3%)

Missing 1346 (5.2%) 311 (5.9%)

Education 80.33 < .001

Less than high school 2622 (12.6%) 820 (16.1%)

High school graduate 6139 (23.0%) 1869 (32.7%)

Some college 7939 (32.2%) 1682 (32.6%)

College graduate 10315 (32.3%) 1481 (18.6%)

Income 44.5309 < .001

<$20,000 4830 (19.4%) 1345 (25.5%)

$20,000 to < $35,000 4078 (15.6%) 1133 (20.3%)

$35,000 to <$50,000 3533 (14.2%) 805 (17.0%)

$50,000 to < $75,000 4257 (18.1%) 939 (18.2%)

$75,000+ 7205 (32.7%) 937 (19.0%)

Health Insurance 1.58 .210

Yes 24077 (16.2%) 5207 (17.5%)

No 3290 (83.8%) 754 (82.5%)

Regular Internet Access 106.0 < .001

Yes 19521 (75.4%) 3503 (65.0%)

No 8378 (24.6%) 2559 (35.0%)

HINTS Administration 4.749 < .001

2003 (HINTS 1) 5174 (12.9%) 1195 (14.3%)
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Geographic Location
n (%)

Urban Rural Chi-square P value

2005 (HINTS 2) 4352 (13.2%) 1234 (15.4%)

2008 (HINTS 3) 6192 (14.1%) 1482 (14.3%)

2011 (HINTS 4 Cycle 1) 3321 (15.0%) 638 (13.3%)

2012 (HINTS 4 Cycle 2) 3087 (15.1%) 543 (13.8%)

2013(HINTS 4 Cycle 3) 2709 (14.7%) 476 (15.0%)

2014 (HINTS 4 Cycle 4) 3157 (15.1%) 520 (113.9%)

a
Based on respondents to the Health Information National Trends Survey (HINTS) across all 7 HINTS administrations (2003–2014). Column 

percentages are weighted to reflect the US population per the 2010 US Census (see Methods for additional details).
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