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Abstract

Purpose: To examine characteristics associated with disparities in digital access (i.e., access to 

high-speed internet via a computer or smartphone) in American rural and urban households given 

that digital access has a direct impact on access to telemedicine-based services.

Methods: Using the 2019 American Community Survey, we analyzed the proportions of 

geographic area, race/ethnicity, and socioeconomic status according to device and high-speed 

internet access. Maximum likelihood logit estimators estimated how these factors influenced 

device and high-speed internet access.

Findings: Of 105,312,959 households, 32.29% were without a desktop or laptop computer 

with high-speed internet (WDW), 21.51% were without a smartphone with a data plan for 

wireless internet (WSW), and 14.02% were without any digital access (WDA). Non-metropolitan 

households were significantly more likely to be WDA than metropolitan households (OR=1.87; 

95% CI: 1.83–1.91). Relative to non-Hispanic Whites, non-Hispanic Blacks (OR=1.60; 95% CI: 

1.56–1.64), American Indian or Alaska Natives (OR=2.00; 95% CI: 1.82–2.19), or Hispanics 

(OR=1.70; 95% CI: 1.66–1.74) were significantly more likely to be WDA. When compared 

to households with private health insurance coverage, households WDA were significantly 

more likely to have no insurance (OR=2.44; 95% CI: 2.36–2.53) or public insurance coverage 

(OR=3.78; 95% CI: 3.70–3.86). Households with any digital access reported higher income and 

more family members living at home. Using the same predictors, similar findings were reported 

for households WDW or WSW.

Conclusions: Significant disparities in digital access exist among non-metropolitan households, 

racial/ethnic minority households, and lower-income households. The lack of digital access has 

implications for accessibility of health care services via telemedicine and thus could exacerbate 

health disparities.
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Brought upon by the ongoing coronavirus (COVID-19) pandemic, health care policy 

changes temporarily reduced access barriers to telemedicine-based services and stimulated 

the delivery of health care (e.g., primary care, mental health, and substance use disorder 

treatment) through this modality across the United States.1,2 Telemedicine-based services 

require digital access (i.e., availability of high-speed internet and/or an internet-enabled 

device such as a smartphone or computer). While nationwide digital access has expanded 

over the past decade, many Americans in rural (non-metropolitan) communities do not have 

adequate high-speed internet access and/or live in “dead zones,” where high-speed internet 

or cell phone service is unavailable.3–8 For example, 98.5% of Americans who live in urban 

(metropolitan) areas have access to high-speed internet, whereas 77.4% in rural areas have 

access to high-speed internet.3,4 Disparities in smartphone ownership also exist among urban 

and rural Americans, with rural Americans less likely to own a smartphone (71%) than those 

living in urban communities (83%).3

The lack of digital access at home also disproportionately affects minorities, low-income 

populations, those with lower levels of education, and older populations, hindering 

millions of Americans in receiving telemedicine-based services.3,6,7 When compared to 

non-Hispanic Whites (80%), non-Hispanic Blacks (71%) and Hispanics (65%) report less 

often having high-speed internet services at their homes. Households with an annual income 

less than $30,000 report having high-speed internet services at their home less often 

(57%) than households with incomes greater than $30,000: $30,000–49,999=74%, $50,000–

74,999=87%, and more than $75,000=92%. Additionally, those with a high school education 

or less (59%) are less likely to have high-speed internet services at home than those 

with some college education or who are college graduates (80% and 94%, respectively). 

Individuals 65 years or older report less access to high-speed internet services than 18- to 

64-year-olds.9

Given that receiving telemedicine-based services requires an internet-enabled device and 

high-speed internet access, lack of digital access could have implications for disparities in 

access to telemedicine-based services. Insufficient research has examined household-level 

characteristics associated with disparities in digital access. The purpose of this study is to 

examine digital access (i.e., access to high-speed internet via desktop or laptop computer, 

smartphone with a data plan, or any digital access) among American rural and urban 

households using the most recently available national survey data.

Methods

We conducted secondary analyses using data from the 2019 American Community Survey 

(ACS) Integrated Public Use Microdata Series (IPUMS USA). The ACS is a cross-sectional 

survey and is administered yearly to a sample of about 3.5 million households across the 

United States.10 To represent a household, we used the variable, PERNUM, to include only 

the record of the first individual who appeared in the census or survey of each household. 
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We used the variable, METRO, to identify the metropolitan status of the household. 

The METRO variable indicates whether the household is located within a metropolitan 

area and whether the household resided within or outside a central/principal city (e.g., 

non-metropolitan). This ACS dataset indicated that in many public-use microdata samples, 

metropolitan and central/principal-city status are not directly identified. For this reason, 

METRO codes were derived based on other available geographic information, such as 

county groups or Public Use Microdata Areas (PUMAs). PUMAs are statistical geographic 

areas built on census tracts and counties containing at least 100,000 people. If a county 

group or PUMA was partially within metropolitan areas or central/principal cities, then the 

status of the METRO variable was identified as indeterminable (mixed). For our analysis, 

we excluded households whose resident areas were indeterminable. Exemption from the 

university’s Institutional Review Board was obtained because we used a de-identified and 

publicly available dataset.

To analyze limitations in device and high-speed internet access, the outcome variables 

include households without 1) a desktop or laptop computer with high-speed internet, 2) a 

smartphone with a data plan for wireless internet, or 3) any digital access. For the categorical 

predictors, we measured the proportion of households for different geographic areas, race/

ethnicity groups, health insurance coverage status, poverty level, and the number of family 

members. Age and education were not included in the analyses because they were not 

reported at the household level. Due to weighted survey data, all differences were tested 

using two-sided t-tests. We used maximum likelihood logit estimators to estimate how these 

factors, when simultaneously considered, influenced the device and high-speed internet 

access status of each household. All variables were included in the multivariable model. All 

of the analyses used ACS household weights including the correction of standard errors for 

the survey design. All data analyses were performed in Stata, version 15.11

Results

The study included data from 1,210,714 survey respondents. After survey data were 

weighted, this represented 105,312,959 households from metropolitan (n=95,302,321) and 

non-metropolitan areas (n=10,010,638). A total of 366,568 households were excluded from 

analysis because of missing data or because counties were identified as “indeterminable” 

as to their status as metropolitan or non-metropolitan (Figure 1). The proportions of 

limitations in device and high-speed internet access significantly differed across populations 

defined by geographic areas, race/ethnicity, health insurance coverage, poverty level, and the 

number of family members (Table 1). Overall, 32.29% of households reported being without 

a desktop or laptop computer with high-speed internet (WDH), 21.51% of households 

reported being without a smartphone with a data plan for wireless internet (WSW), and 

14.02% of households reported being without any digital access (WDA). Households in 

non-metropolitan areas were significantly more likely to have limitations in device and 

high-speed internet access compared to households in metropolitan areas (WDH: 48.01% 

vs. 30.64%; WSW: 33.08% vs. 20.29%; WDA: 23.42% vs. 13.03%). The proportion of 

limitations in device and high-speed internet access (e.g., WDH, WSW, and WDA) was 

higher among American Indians or Alaska Natives than other racial or ethnic groups. The 

proportion of limitations in device and high-speed internet access (e.g., WDH, WSW, and 
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WDA) was higher among households with one family member than households with two 

or more family members. Additionally, households with income under 100% of the poverty 

threshold reported a higher proportion of limitations in device and high-speed internet access 

(e.g., WDH, WSW, and WDA) than households whose income was 100% or higher of 

the poverty threshold. Households without health insurance had the highest proportion of 

WDH (49.71%), while households with public health insurance coverage had the highest 

proportion of WSW (36.76%) and WDA (25.46%).

The variables associated with higher odds of WDH, WSW, or WDA were similar for 

all models (Table 2). After controlling for socioeconomic and demographic variables, 

households residing in non-metropolitan areas were nearly twice as likely to be WDH 

(OR=2.07, 95% CI: 2.03–2.11), WSW (OR=1.72, 95% CI: 1.69–1.76), and WDA 

(OR=1.87, 95% CI: 1.83–1.91) than households residing in metropolitan areas. Relative 

to non-Hispanic Whites, non-Hispanic Blacks (OR=1.60; 95% CI: 1.56–1.64), American 

Indian or Alaska Natives (OR=2.00; 95% CI: 1.82–2.19), or Hispanics (OR=1.70; 95% 

CI: 1.66–1.74) were nearly twice as likely to be WDA. Racial and ethnic minorities 

(relative to non-Hispanic Whites) were also associated with higher odds of WDH or 

WSW. When compared to households with private health insurance coverage, households 

WDA were significantly more likely to have no health insurance (OR=2.44; 95% CI: 

2.36–2.53) or public health insurance coverage (OR=3.78; 95% CI: 3.70–3.86). Having 

no health insurance or public health insurance coverage (relative to private health insurance) 

in a household was associated with higher odds of WDH or WSW. Income in a higher 

percentage of the poverty thresholds and having two or more family members in a household 

were associated with lower odds of WDH, WSW, or WDA.

Discussion

Using 2019 ACS household-weighted data, we found significant disparities in digital access. 

Households that resided in a non-metropolitan area or had no health insurance or public 

health insurance were nearly two to three times more likely not to have access to devices 

required to receive telemedicine-based services. We also found a difference among racial 

and ethnic minorities, with non-Hispanic Blacks, Hispanics, and American Indians or 

Alaska Natives reporting less access to a computer or laptop with high-speed internet, 

smartphone with a data plan, or any digital access in comparison to non-Hispanic Whites. 

Lastly, households that were above the 100% poverty threshold or had two or more family 

members were more likely to have access to high-speed internet-enabled technology.

Our findings align with previous research that reported disparities in digital access among 

ethnic and racial minorities and rural communities.5,6,8 Our study contributes to the 

literature by utilizing the most recent digital access data and identifying household-level 

disparities. Most of the existing literature examines these disparities separately; however, 

this study assessed them simultaneously in a multivariable model, which confirms their 

unique contribution to digital access disparities. Now, more than ever, disparities in 

digital access may lead to increased health disparities among vulnerable groups (e.g., 

rural communities, minorities, low income, and uninsured or public insurance). Our study 

results suggest that disparity in digital access persists among these vulnerable groups who 
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could benefit from receiving telemedicine-based services. Such disparities may even worsen 

during the COVID-19 pandemic, and future studies should replicate our findings when more 

recent data become available as the current study is based on data prior to COVID.

Federal policy changes hastened by COVID-19 have expanded access to telemedicine-based 

services by temporarily increasing reimbursement rates for providers,12 but these changes 

have not addressed the problem of patients’ lack of digital access required to make use of 

telemedicine. Over the past five years, the federal government has attempted to improve 

digital access, similar to the expansion of electricity in the early 20th century.13,14 The 

federal government has allocated billions to internet service providers to improve digital 

access in rural America and subsidize the cost of building new network infrastructure or 

network upgrades to high-need areas (i.e., Connect America Fund Phase II).13 Federal 

efforts created a new data collection method to properly map high-speed internet services 

and accurately report data speeds and coverage (i.e., Digital Opportunity Data Collection).14 

The COVID-19 pandemic accelerated the paradigm shift in which Americans rely on 

high-speed internet for health care services, exacerbating the immediate need for devices 

and internet access. While federal initiatives aim to decrease the digital divide for rural 

America, limitations still inhibit delivery of high-speed internet (e.g., 100 mbps), including 

the reluctance of internet service providers to improve infrastructure and services in high-

cost development areas (e.g., mountainous and extreme cold regions).

Limitations

Our study has several limitations. The first limitation is the lack of data available in the 

ACS database on the ability to use technology. The second limitation is the exclusion of 

households in a PUMA region that lies partially within metropolitan areas. This decision 

was made to clearly define our groups and reduce ambiguity. The third limitation is 

the reliance on household-level data, which precluded the examination of factors such 

as age and education. This decision was made because of the insufficient research that 

examined household-level characteristics associated with disparities in digital access. The 

fourth limitation was not examining differences between the record of the first individual 

who appeared in the census or survey of each household and the other individuals in the 

household. The fifth limitation is that the data were collected in 2019 and digital access 

could have changed since then. For instance, the COVID-19 pandemic highlighted the need 

for improved digital access and advanced federal initiatives that aim to reduce the digital 

divide and increase digital access to telemedicine-based services.

Conclusion

The lack of digital access among vulnerable populations inhibits the abilty of many people, 

including from rural populations, to obtain health care services via telemedicine. Insufficient 

access to the ever-growing delivery of health care via telemedicine could exacerbate health 

disparities in our society, especially for communities that are disproportionately affected, 

such as rural, minority, and low-income communities. As a result, there is a pressing need 

to target these communities and provide the required economic resources to increase their 

access to internet-enabled devices and to internet services at an adequate speed (e.g., 100 
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mbps). Collaboration at the federal, state, and local policy levels needs to effectively expand 

digital access and narrow the digital divide in those that are disproportionately affected.
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Figure 1: 
2019 American Community Survey Population Flow Chart
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Table 1:

Limitations in Device and High-Speed Internet Access of Households in 2019
a

Characteristic
Without desktop or laptop 

computer with high-speed internet
Without smartphone with a data 

plan for wireless internet Without any digital access

Proportion (95% 
CI), % P value

Proportion (95% 
CI), % P value

Proportion (95% 
CI), % P value

Among the whole 
population

32.29
(32.17, 32.41)

NA 21.51
(21.40, 21,61)

NA 14.02
(13.93, 14.11)

NA

Geographic area

 Non-metro 48.01
(47.64, 48.39)

< .001 33.08
(32.73, 33.44)

< .001 23.42
(23.10, 23.74)

< .001

 Metro 30.64
(30.51, 30.76)

20.29
(20.18, 20.40)

13.03
(12.94, 13.13)

Race/Ethnicity

 Non-Hispanic White 28.36
(28.23, 28.49)

< .001 20.87
(20.75, 20.98)

< .001 12.55
(12.45, 12.65)

< .001

 Non-Hispanic Black 45.70
(45.39, 46.11)

27.97
(27.61, 28.33)

21.17
(20.84, 21.50)

 Hispanic 42.17
(41.82, 42.53)

22.46
(22.15, 22.76)

16.86
(16.59, 17.14)

 American Indian or 
Alaska Native

53.58
(51.77, 55.39)

34.24
(32.57, 35.90)

27.50
(25.95, 29.05)

 Asian or Pacific 
Islander

20.73
(20.29, 21.17)

12.57
(12.20, 12.94)

7.44
(7.14, 7.74)

 Other race 36.29
(33.18, 39.41)

20.25
(17.73, 22.78)

13.74
(11.57, 15.91)

 Two or more major 
races

28.26
(27.34, 29.19)

15.47
(14.71, 16.23)

10.15
(9.52, 10.78)

Health insurance coverage

 Private coverage
b 20.77

(20.62, 20.91)
< .001 10.36

(10.25, 10.47)
< .001 5.26

(5.18, 5.35)
< .001

 Uninsured 49.71
(49.20, 50.21)

24.86
(24.42, 25.31)

19.30
(18.89, 19.71)

 Public coverage
c 45.14

(44.95, 45.34)
36.76

(36.57, 36.94)
25.46

(25.28, 25.63)

Poverty Level (as a percentage of the poverty thresholds)
d

 <100 58.22
(57.83, 58.60)

< .001 38.52
(38.14, 38.90)

< .001 31.36
(30.99, 31.73)

< .001

 100–200 50.07
(49.74, 50.40)

34.15
(33.84, 34.46)

25.50
(25.21, 25.79)

 200–300 38.53
(38.20, 38.86)

25.54
(25.25, 25.83)

16.62
(16.37, 16.87)

 300–400 29.97
(29.66, 30.29)

19.76
(19.49, 20.03)

11.23
(11.01, 11.45)

 ≥400 17.89
(17.75, 18.03)

11.81
(11.69, 11.92)

5.43
(5.35, 5.52)

Number of family members

 1 46.30
(46.07, 46.53)

< .001 35.28
(35.06, 35.49)

< .001 25.89
(25.69, 26.09)

< .001
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Characteristic
Without desktop or laptop 

computer with high-speed internet
Without smartphone with a data 

plan for wireless internet Without any digital access

Proportion (95% 
CI), % P value

Proportion (95% 
CI), % P value

Proportion (95% 
CI), % P value

 2 28.43
(28.24, 28.62)

19.76
(19.60, 19.93)

11.23
(11.09, 11.36)

 3 24.61
(24.31, 24.91)

12.29
(12.06, 12.52)

6.96
(6.78, 7.14)

 4 21.32
(21.00, 21.64)

9.58
(9.34, 9.81)

5.21
(5.03, 5.39)

 ≥5 25.56
(25.17, 25.95)

11.77
(11.46, 12.07)

6.88
(6.64, 7.12)

a.
Analysis based on 1,210,714 observations in the 2019 American Community Survey, among them 135,748 are non-metro and 925,711 are metro, 

after weighting, representing 10,010,638 and 95,302,321 households respectively.

b.
Poverty level expresses each family’s total income for the previous year as a percentage of the poverty thresholds established by the Social 

Security Administration, adjusted for inflation.

c.
Private coverage is classified by the Census Bureau to include employer- or union-provided insurance, plans purchases by individuals from 

private insurance companies and military health care.

d.
Public coverage is classified by the Census Bureau to include the federal insurance programs Medicare, Medicaid, and the Department of 

Veterans Affairs insurance.
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Table 2:

Logistic regression results
a

Characteristics

(1)
Without desktop or laptop 
computer with high-speed 

internet

(2)
Without smartphone with a data 

plan for wireless internet
(3)

Without any digital access

Non-Metro (Ref: Metro) 2.07***
(2.03, 2.11)

1.72***
(1.69, 1.76)

1.87***
(1.83, 1.91)

Race/Ethnicity (Ref: Non-Hispanic White)

 Non-Hispanic Black 1.83***
(1.79, 1.86)

1.28***
(1.25, 1.31)

1.60***
(1.56, 1.64)

 Hispanic 1.89***
(1.85, 1.92)

1.30***
(1.27, 1.32)

1.70***
(1.66, 1.74)

 American Indian or Alaska 
Native

2.13***
(1.96, 2.31)

1.54***
(1.41, 1.68)

2.00***
(1.82, 2.19)

 Asian or Pacific Islander 0.87***
(0.84, 0.90)

0.79***
(0.76, 0.82)

0.86***
(0.82, 0.90)

 Other race 1.48***
(1.27, 1.73)

1.09
(0.92, 1.30)

1.25*
(1.02, 1.53)

 Two or more major races 0.97
(0.92, 1.01)

0.71***
(0.66, 0.76)

0.80***
(0.74, 0.86)

Health insurance coverage (Ref: Private coverage)

 Uninsured 2.13***
(2.08, 2.18)

1.91***
(1.86, 1.97)

2.44***
(2.36, 2.53)

 Public coverage 2.06***
(2.03, 2.09)

3.44***
(3.39, 3.49)

3.78***
(3.70, 3.86)

Poverty Level (as a percentage of the poverty thresholds) (Ref: <100)

 100–200 0.85***
(0.83, 0.87)

1.01
(0.99, 1.04)

0.93***
(0.91, 0.95)

 200–300 0.63**
(0.62, 0.625

0.83***
(0.81, 0.85)

0.69***
(0.67, 0.71)

 300–400 0.48***
(0.46, 0.49)

0.67***
(0.65, 0.69)

0.50***
(0.49, 0.52)

 ≥400 0.28***
(0.28, 0.29)

0.41***
(0.41, 0.42)

0.28***
(0.27, 0.28)

Number of family members (Ref: 1)

 2 0.58***
(0.57, 0.59)

0.54***
(0.53, 0.55)

0.46***
(0.46, 0.47)

 3 0.46***
(0.45, 0.47)

0.34***
(0.39, 0.35)

0.28***
(0.27, 0.29)

 4 0.37***
(0.37, 0.38)

0.27***
(0.26, 0.27)

0.21***
(0.20, 0.22)

 ≥5 0.34***
(0.34, 0.35)

0.26***
(0.25, 0.26)

0.20***
(0.19, 0.21)

Observation 1,061,469 1,061,469 1,061,469

Table presents odds ratios; 95% confidence intervals in brackets
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*
P < .05,

**
P < .01,

***
P < .001

a.
Analysis based on 1,210,714 observations in the 2019 American Community Survey, after weighting, representing 105,312,959 households.

b.
Private coverage is classified by the Census Bureau to include employer- or union-provided insurance, plans purchases by individuals from 

private insurance companies and military health care.

c.
Public coverage is classified by the Census Bureau to include the federal insurance programs Medicare, Medicaid, and the Department of 

Veterans Affairs insurance.

d.
Poverty level expresses each family’s total income for the previous year as a percentage of the poverty thresholds established by the Social 

Security Administration, adjusted for inflation.
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