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Abstract

Objective. To describe baseline technology use within the head
and neck cancer (HNC) population prior to the COVID-19
pandemic.

Study Design. Cross-sectional analysis of National Health
Interview Survey (NHIS) data.

Setting. The NHIS is a survey of population health adminis-
tered in person annually to a nationally representative
sample of noninstitutionalized US residents via a complex
clustered sampling design.

Methods. Data regarding technology use, cancer history, and
demographics were extracted from the NHIS. The study
population comprised individuals who completed the NHIS
Sample Adult survey from 2012 to 2018 and self-reported a
cancer diagnosis. Poisson regression was used to evaluate
associations between demographics and general or health-
related technology use and prevalence ratios reported.

Results. Patients with HNC were less likely to use general
technology (computers, internet, or email) when compared
with other patients with cancer (60% vs 73%, P < .001I),
although this difference was not statistically significant after
controlling for sociodemographic factors. Among patients
with HNC, older age, lower education, and lower income
were negatively associated with general technology use
(adjusted prevalence ratio [aPR], 0.71 [95% CI, 0.59-0.87]
for age 65-79 years vs <50 years; aPR, 0.66 [95% CI, 0.51-
0.85] for high school vs master; aPR, 0.66 [95% CI, 0.48-
0.91] for income 100%-200% vs >400% federal poverty
level). Older age and lower education were negatively asso-
ciated with health-related technology use (aPR, 0.46 [95%
Cl, 0.32-0.67] for age 65-79 years vs <50 years; aPR, 0.47
[95% CI, 0.30-0.74] for high school vs master).

Conclusion. Socioeconomic disparities exist in technology use
rates among patients with HNC. Access to technology may
pose a barrier to telehealth visits for many patients with
HNC due to the unique socioeconomic demographics of
this patient population.
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linicians have come to increasingly rely on technol-

ogy to connect with patients during the COVID-19

pandemic. Telehealth visits are becoming a common
substitute for in-person visits due to concerns about transmis-
sion of COVID-19 in the hospital or clinic setting.! In the
head and neck cancer (HNC) population, many providers
have opted to conduct appointments with patients via video-
conferencing. Postoperative visits, oncologic surveillance,
and monitoring of radiotherapy are some situations in which
telehealth may be considered an appropriate alternative to an
in-person visit.>* Additionally, some clinicians are using tele-
health to guide patients through simple procedures, such as
drain removal.* As the COVID-19 pandemic evolves and
ends, it seems likely that telehealth will continue to be a stan-
dard part of practice in head and neck oncology.’

Patients with HNC represent a socioeconomically vulnera-
ble patient population as they are, on average, older and less
educated and have lower incomes than the general popula-
tion.>® For this reason, concerns have been raised over
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potential disparities in telehealth access among these
patients.” Individual reports have already described instances
in which socioeconomic barriers have limited patient engage-
ment in telehealth encounters during the COVID-19 pan-
demic.'® However, no study has yet quantitatively examined
technology access and use within the HNC population.

By using nationally representative data from the National
Health Interview Survey (NHIS), the aims of this study were
to describe baseline patterns of technology use within the
HNC population prior to the COVID-19 pandemic and to
identify vulnerable subpopulations who may be less likely to
benefit from telehealth visits. We hypothesized that patients
with HNC have a lower prevalence of technology utilization
when compared with other patients with cancer and that cer-
tain demographics factors may be associated with less technol-
ogy use. Understanding technology use within this population
will enable clinicians to better serve the needs of these patients
as telehealth is increasingly incorporated into oncology prac-
tices during the COVID-19 pandemic and beyond.

Methods
NHIS Data Set

Beginning in 1957, the NHIS is a cross-sectional survey of
population health administered annually by the Centers for
Disease Control and Prevention to a nationally representative
sample of noninstitutionalized US residents.'! The NHIS is
administered in person by trained interviewers to households
selected through a complex clustered sampling design. The
Centers for Disease Control and Prevention keeps comprehen-
sive records of survey procedures, definitions, and data,
which are stored as a harmonized data set by IPUMS, a ser-
vice created by the Institute for Social Research and Data
Innovation at University of Minnesota to facilitate use of
freely available survey and census data.'?

The Sample Adult survey is administered to a randomly
selected adult within each surveyed household, and it collects
details of health behaviors and medical history, including
cancer diagnoses. Respondents are asked whether they use
computers, internet, or email and whether they use internet-
based technology for health-related purposes.

For this analysis, the study population was limited to indi-
viduals who completed the NHIS Sample Adult survey
between 2012 and 2018 (when technology-related data were
available) and self-reported a cancer diagnosis. Those who
self-reported a diagnosis of laryngeal, pharyngeal, or oral
cavity cancer were categorized as patients with HNC. Those
who self-reported any other cancer diagnosis were categor-
ized as other patients with cancer. Demographic data were
extracted regarding age, race, ethnicity, sex, education, region
of residence, health insurance, and ratio of income to federal
poverty level (FPL). Race was categorized as a binary variable
describing respondents as non-Hispanic White or other race.
Age was binned to enable comparison across age groups.

Data related to respondents’ technology use in general and
in relation to health were additionally extracted. General tech-
nology use data included the following: (1) frequency of

computer use, dichotomized as ‘“‘not computer users’ for
survey respondents who answered never or almost never and
“computer users’ for those who answered some days, most
days, or every day, and (2) binary questions (yes/no) about
internet and email use. A composite variable was created to
represent use of any general technology. Health technology
use data included binary answers (yes/no) to the following
questions: ‘‘During the past year, have you used computers to
look up health information on the internet?’’ “‘During the past
year, have you used the internet to schedule healthcare
appointments?” and ““During the past year, have you used
email to communicate with providers?”” A second composite
variable was created to represent use of any health-related
technology.

Because this study used publicly available deidentified
data, approval was not required by the Mass General Brigham
Institutional Review Board.

Statistical Methods

Individual responses to questions from the NHIS data from
2012 to 2018 were obtained and merged via IPUMS. For sta-
tistical analysis, data were imported from IPUMS into R (ver-
sion 3.6.1) on RStudio (version 1.2.1335) via the ipumsr
package (version 0.4.3). Sampling weights provided by the
NHIS, which account for stratification, clustering, and over-
sampling procedures, were used to produce estimates repre-
sentative of the US population.'! Analysis was carried out
with the survey package (version 4.0) in R, which allows for
incorporation of sampling weights and analysis of complex
survey designs. Chi-square statistical tests were used to gener-
ate P values for demographic and technology use differences
between the HNC and other cancer populations. Univariate
Poisson regressions with robust standard errors were run to
generate prevalence ratios (PRs) and evaluate the relationship
between the outcome variables of general and health-related
technology use and the independent variables age, sex, race,
education, income, region, and health insurance status.
Multivariable Poisson regressions were used to determine
which variables were independently associated with technol-
ogy use. Multivariable models include variables that were sta-
tistically significant in the univariate analysis. Imputation of
missing data was performed through the MICE statistical
package in R. For robustness, all statistical tests were run with
imputed and ignored missing values. The outcomes of the
analysis were not affected by imputation. Nonimputed values
are reported in this article. Statistical significance was consid-
ered at P < .05.

Results
Study Population

The unweighted sample of persons surveyed by the NHIS
from 2012 to 2018 who had a self-reported cancer diagnosis
was 22,644, representing a total weighted sample of
21,582,841 (Table I). Patients with HNC accounted for 381
in the unweighted sample, representing 368,248 in the
weighted sample.
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Table 1. Demographics of Surveyed Patients With Cancer.
Head and neck cancer Other cancer
No.? %° No.? %° P value
Total 38l 100 22,263 100
Sex <.001¢
Male 251 69 9025 43
Female 130 31 13,238 57
Age,y .78
<50 46 14 2805 15
50-64 115 31 6316 32
65-79 163 40 9063 38
>80 57 15 4079 15
Race 03¢
White 303 79 18,637 85
Other race 78 21 3546 15
Education .008°
<High school 77 19 2807 I
High school 13 29 5688 25
Some college 100 28 6727 30
Bachelor 58 16 3998 19
Master 31 8 2967 14
Income as % FPL <.001°¢
>400 139 40 10,667 55
300 to <400 37 Il 2277 10
200 to <300 55 15 3098 13
100 to <200 91 22 3882 15
<100 55 12 2118 7
Region 91
Northeast 66 21 3847 18
Midwest 83 22 5149 23
South 150 36 7825 37
West 82 22 5442 21
Health insurance 03¢
Public 91 46 6149 35
Private 96 54 9631 65

Abbreviation: FPL, federal poverty level.
*Unweighted number of survey respondents.
PWeighted percentages.

P <.001.

P < .05.

P <.0l.

Patients with HNC differed significantly from the remain-
der of the oncology population with respect to demographic
characteristics (Table 1). Patients with HNC were more
likely to be male (69% vs 43%, P < .001) and non-White
(21% vs 15%, P = .03) and less likely to have private health
insurance (54% vs 65%, P = .03) than patients with other
types of cancer. They also had lower incomes (P < .001) and
lower educational attainment (P = .008). These results are
consistent with other epidemiologic studies of the HNC popu-
lation.*®

Cancer and Technology Use

Patients with HNC were less likely to report use of general
technology, such as computers, internet, and email, than
patients with other cancers (Figure I). Merely 60% indicated
any general technology use, as opposed to 73% of other
patients with cancer (P < .001). In addition, they had signifi-
cantly lower rates of health-related technology use versus
other patients with cancer (43% vs 53%, P =.006). However,
in a multivariable model controlling for sociodemographic
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Figure 1. Technology use among patients with head and neck cancer

vs other cancer. Error bars indicate 95% Cl. **P <.0l. ***P <.001.

factors, the association between HNC and technology use was
no longer statistically significant.

Technology Use Among Patients With HNC

Among the HNC population, several demographic and socio-
economic factors were strongly associated with general and
health-related technology use in univariate regression analysis
(Table 2). Increasing age was associated with lower rates of
general and health-related technology use (Figure 2a).
Patients with HNC <50 years old had the highest rates of
technology use, with 88% and 74% reporting general and
health-related technology use, respectively. In contrast,
among patients aged >80 years, only 30% and 20% indicated
general and health-related technology use (PR, 0.34 [95% CI,
0.22-0.55]; PR, 0.28 [95% CI1 0.15-0.50]).

Lower educational attainment and income were associated
with disparities in general and health-related technology use
among patients with HNC (Table 2, Figure 2b and 2c).
Among patients with a master degree or higher, 96% and 84%
reported use of general and health-related technology, respec-
tively. In comparison, of those without a high school degree,
just 17% and 11% indicated using general and health-related
technology (PR, 0.18 [95% CI, 0.09-0.35]; PR, 0.13 [95% CI,
0.06-0.30]). Those who cited incomes <100% of the FPL
were significantly less likely to use general or health-related
technology as compared with those with incomes >400% of
the FPL (PR, 0.46 [95% CI, 0.27-0.80]; PR, 0.47 [95% CI,
0.24-0.92]).

Finally, cancer site and health insurance status were
weakly associated with technology use. Patients with laryn-
geal cancer were less likely to report general and health-
related technology use when compared with those with oral
cavity cancer (PR, 0.6 [95% CI, 0.4-0.9]; PR, 0.57 [95% CI,
0.34-0.98]). Patients with HNC with private health insurance

were more likely than those with public insurance to report
general and health-related technology use (PR, 1.37 [95% CI,
1.1-1.7]; PR, 1.53 [95% CI, 1.01-2.02]). Region, sex, and self-
reported race were not significantly associated with general or
health-related technology use.

Multivariable Models of Technology Use

Multivariable regression was performed to characterize fac-
tors that were independently associated with technology use
in the HNC population (Table 3). Older age and lower educa-
tional attainment were independently associated with lower
likelihood of general and health-related technology use.
Income <200% of the FPL was associated with lower rates of
general but not health-related technology use. Health insur-
ance status and cancer site were not associated with general or
health-related technology use.

Discussion

The COVID-19 pandemic has accelerated the incorporation
of telehealth into cancer care. However, little is known about
the access to technology upon which telehealth relies for
patients with HNC, a population commonly subject to socioe-
conomic disadvantages.”® We describe a substantially lower
prevalence of technology use among individuals with a diag-
nosis of HNC when compared with individuals with other
cancers in a nationally representative survey of health beha-
viors. This difference in prevalence can likely be attributed to
the unique sociodemographic makeup of the HNC population,
within which nearly half (40%) of patients reported no use of
computers, internet, or email prior to the COVID-19 pan-
demic. Among patients with laryngeal cancer, a majority
(56%) indicated no use of these technologies. We also identi-
fied older age and lower educational attainment as the stron-
gest predictors of lower technology use among patients with
HNC. As telehealth is increasingly implemented in head and
neck oncology clinics, understanding barriers in access to
basic technology among our most vulnerable patients is criti-
cal to avoiding exacerbation of the preexisting health care dis-
parities exposed by the COVID-19 pandemic."?

Our findings are consistent with prior data identifying
socioeconomic barriers to technology access in the general
population. While technology use has increased steeply over
the past decade,™ previous studies found that race, income,
and sex continue to influence access to computers, smart-
phones, and internet.'*'> In addition, studies of patient por-
tals have found that within vulnerable patient populations,
lack of familiarity and limited experience with technology
present barriers to portal use.'®

The findings of this study have concerning implications
about the ability of many patients with HNC to participate in
telehealth. Information gathering during virtual visits relies
on thorough history taking and visual information obtained
during videoconferencing. Guidelines for effective communi-
cation and performance of rudimentary physical examination
maneuvers have been developed to help providers and
patients engage in virtual care.'” Patient participation in
videoconferencing requires access to the internet and a
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Table 2. Demographic Differences in Computer-Based Technology Use Among Patients With Head and Neck Cancer.

General use

Health-related use

% PR (95% ClI)° % PR (95% CI)°

Overall 60 43
Sex

Male 62 Reference 46 Reference

Female 57 091 (0.71-1.15) 38 0.83 (0.6-1.14)
Age, y

<50 88 Reference 74 Reference

50-64 69 0.79 (0.64-0.96)° 57 0.77 (0.57-1.05)

65-79 56 0.63 (0.5-0.8)¢ 31 0.42 (0.28-0.62)¢

>80 30 0.34 (0.22-0.55)¢ 20 0.28 (0.15-0.5)¢
Race

White 70 Reference 46 Reference

Other race 67 0.83 (0.61-1.13) 33 0.71 (0.44-1.14)
Cancer site

Oral cavity 74 Reference 54 Reference

Pharynx 6l 0.82 (0.67-1.02) 43 0.79 (0.58-1.08)

Larynx 44 0.6 (0.4-0.9)° 31 0.57 (0.34-0.98)°
Education

Master 96 Reference 84 Reference

Bachelor 79 0.82 (0.62-1.08)° 6l 0.84 (0.49-1.04)

Some college 75 0.78 (0.66-0.92)° 53 0.63 (0.48-0.85)°

High school 51 0.54 (0.42-0.69)° 31 0.36 (0.24-0.55)¢

<High school 17 0.18 (0.09-0.35)¢ I 0.13 (0.06-0.30)¢
Income as % FPL

>400 78 Reference 6l Reference

300 to <400 67 0.86 (0.64-1.15) 36 0.59 (0.33-1.07)

200 to <300 56 0.71 (0.48-1.04) 26 0.42 (0.23-0.77)°

100 to <200 40 0.51 (0.36-0.74)° 32 0.52 (0.34-0.81)°

<100 36 0.46 (0.27-0.8)° 29 0.47 (0.24-0.92)¢
Region

Northeast 57 Reference 44 Reference

Midwest 6l 1.06 (0.72-1.57) 38 0.87 (0.52-1.48)

South 57 0.99 (0.7-1.41) 42 0.96 (0.61-1.51)

West 72 1.25 (0.88-1.7) 50 1.15 (0.72-1.83)
Health insurance

Public 50 Reference 33 Reference

Private 70 1.37 (1.1-1.7)¢ 51 1.53 (1.01-2.02)°

Abbreviations: FPL, federal poverty level; PR, prevalence ratio.
*Weighted percentages.

PUnivariate robust Poisson regression.

P <.05.

P <.001.

°P <.0l.

camera-enabled device, as well as familiarity with the use of
this technology, which our results indicate may not be realistic
because of the social and financial challenges faced by many
individuals with HNC.

When a patient is scheduled for a telehealth encounter, it is
incumbent on providers to consider not only whether the type
of encounter is appropriate for telehealth, which has been
addressed elsewhere,”*'” but also whether the particular

patient is able to effectively engage in telehealth. Patients
with the characteristics described here, such as older age, less
educational attainment, and lower income, may require addi-
tional educational and financial resources to support technol-
ogy access to participate in telehealth visits. Patients with
laryngeal cancer, who already face communication barriers,'®
may also experience unique challenges with telehealth. These
characteristics should alert providers to patients who may
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Figure 2. Technology use among patients with head and neck cancer
by age and education. Percentage of health and general technology
users by (a) education, (b) age, and (c) income. P value trend obtained
through nonparametric correlation. Error bars indicate 95% CI.
**%P <.001.

Health Technology

need additional accommodations to participate in telehealth
or perhaps may benefit significantly from an in-person visit
instead, where there is a choice. Importantly, it is well known
that delayed treatment causes increased mortality for patients
with HNC,'>?* so the capacity of telehealth to facilitate
timely care is a distinct advantage. Our findings do not negate
the benefits of telehealth but rather underscore the importance
of understanding and addressing inequities in technology
access to support the use of telehealth in the HNC population.

Providers should be cautious about using phone visits as an
alternative for patients with HNC who face barriers to video-
conferencing visits, as lack of visual communication may
result in a lower quality of care for socioeconomically disad-
vantaged individuals. Data from a randomized controlled trial
demonstrated superiority of videoconferencing when com-
pared with telephone alone for the diagnosis of stroke.*!
Other studies have shown that videoconferencing visits were
associated with improved diagnostic accuracy, superior treat-
ment decision making, and fewer medication errors when
compared with telephone-only visits.>?> While studies have
not yet compared videoconferencing and telephone care for
oncology visits, published guidelines for the use of telehealth
in the HNC population support the use of videoconferencing
to maximize the information that can be obtained during a tel-
ehealth visit."”

Importantly, measures can be undertaken at a policy level
to bridge the technology gap and decrease socioeconomic bar-
riers to telehealth access. The expansion of existing programs
that provide federal funds for broadband access for telehealth
would improve access of low-income patients to virtual
care.”> There may be a role for providing a laptop, tablet,
smartphone, or other internet- and camera-enabled device to
facilitate telehealth as a health insurance benefit for certain
patients. Additional measures aimed at the promotion of tech-
nological literacy would complement these programs by
improving familiarity with technology.?*

Limitations

There were several limitations to our study. First, our
unweighted sample population of patients with HNC surveyed
by the NHIS was just 381, limiting the power of our analysis.
However, the complex sampling design used by the NHIS to
create a representative national sample should improve the
generalizability of our results. Furthermore, not all survey
respondents in the adult sample answered all questions
regarding technology use. Missing data were accounted for by
performing statistical analyses on imputed and nonimputed
data sets. The results of these 2 sets of analyses did not differ,
indicating that the missing data likely had a minimal effect on
our analysis. Finally, the NHIS did not include questions
regarding smartphone use or access. Participants who did not
report using computers may still use other internet-enabled
devices, such as smartphones and tablets, which would facili-
tate telehealth visits. To mitigate the potential for overestimat-
ing the number of patients with barriers to telehealth access,
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0.89 (0.72-1.08)

High school 0.66 (0.51-0.85)°

<High school 0.25 (0.1 3-0.48)b
Income as % FPL

>400 Reference

300 to <400 I.11 (0.80-1.54)

200 to <300 0.95 (0.67-1.35)
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<100 0.61 (0.4-0.93)¢
Health insurance

Public Reference

Private 0.9 (0.73-1.1)
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Table 3. Multivariable Models of Technology Use Among Patients With Head and Neck Cancer.
aPR (95% CI)*
General use Health-related use

Age,y

<50 Reference Reference

50-64 0.86 (0.72-1.04) 0.82 (0.61-1.11)

65-79 0.71 (0.59-0.87)° 0.46 (0.32-0.67)°

>80 0.47 (0.31-0.7)° 0.39 (0.22-0.69)°
Cancer site

Oral cavity Reference Reference

Pharynx 0.95 (0.82-1.11) 1.09 (0.83-1.43)

Larynx 0.73 (0.46-1.16) 0.87 (0.5-1.51)
Education

Master or higher Reference Reference

Bachelor 0.86 (0.71-1.04) 0.76 (0.56-1.03)

0.66 (0.49-0.88)°
0.47 (0.3-0.74)
0.19 (0.08-0.43)°

Reference
0.75 (0.37-1.52)
0.62 (0.35-1.11)
0.7 (0.48-1.04)
0.59 (0.34-1.05)

Reference
0.86 (0.61-1.21)

Abbreviations: aPR, adjusted prevalence ratio; FPL, federal poverty level.
*Multivariable robust Poisson regression.

°P <.001.

P <.0l

P <.05.

patients were characterized as ‘‘not general technology
users’’ if they indicated not using computers and not using
internet.

Conclusion

COVID-19 has already disproportionately affected the health
of minority and socioeconomically disadvantaged commu-
nities.'® As clinicians continue to navigate the challenges of
caring for patients with HNC during this pandemic, it is
important not to widen existing disparities in care for socioe-
conomically disadvantaged groups. Telehealth is a valuable
tool that allows providers to continue to care for patients
while reducing risk of infection for patients and health care
workers. However, our analysis demonstrates that there may
be barriers to telehealth access for many patients. The socioe-
conomic risk factors that are strongly associated with HNC
are also associated with less access to the technologies on
which telehealth depends. Clinicians who care for patients

with HNC and incorporate telehealth into practice should
remain cognizant of barriers to telehealth use among their
patients and perhaps explore ways to increase technology
access for their most socioeconomically vulnerable patients.
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