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Abstract

Background: The growth of electronic medical records and use of patient portals have allowed for patients and health care
providers to communicate via email and direct messaging between health care visits. Email patient-provider communication
(PPC) may enhance traditional face-to-face PPC by allowing patients to ask questions, receive clear explanations, engage in
shared decision-making, and confirm their understanding between in-person visits. Despite increasing trends in the use of email
PPC since the early 2000s, few studies have evaluated associations between email PPC and the uptake of preventive services.

Objective: The objective of this study was to determine associations between the use of email PPC and the likelihood of
undergoing breast, cervical, and colon cancer screenings among adults who have received health care in the past 12 months.

Methods: Secondary, cross-sectional data from the 2011-2015 National Health Interview Survey were combined and analyzed.
For each cancer screening, inclusion criteria were based on the age of screening recommendations and prior history of cancer
diagnosis (n=35,912 for breast, n=48,512 for cervical, and n=45,884 for colon). The independent variable was whether adults
used email PPC in the past 12 months (yes or no). The dependent variables were whether (1) women (aged ≥40 years) received
a mammogram in the past 12 months; (2) women (aged 21-65 years) received a Pap test in the past 12 months; and (3) individuals
(aged ≥50 years) received a colon cancer screening in the past 12 months. Bivariate and multivariable logistic regression analyses
were conducted.

Results: Adults who reported receiving all three cancer screenings in the past 12 months were more likely to be non-Hispanic
White; be married or living with a partner; have a bachelor’s degree or higher education level; have health insurance coverage;
and perceive their health as excellent, very good, or good (all P<.001). Men were more likely to receive colon cancer screenings
than women (P<.001). Multivariable logistic regression models showed women who used email to communicate with their health
care providers had greater odds of receiving breast (odds ratio [OR] 1.32, 95% CI 1.20-1.44) and cervical (OR 1.11, 95% CI
1.02-1.20) cancer screenings than women who did not use email PPC. Adults who used email to communicate with their health
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care providers had 1.55 times greater odds (95% CI 1.42-1.69) of receiving a colon cancer screening than those who did not use
email PPC.

Conclusions: Our results demonstrate that email PPC is a marker of increased likelihood of adults completing age-appropriate
cancer screenings, particularly breast, cervical, and colon cancer screenings. More research is needed to examine other factors
related to the reasons for and quality of email PPC between patients and health care providers and determine avenues for health
education and intervention to further explore this association.

(JMIR Cancer 2021;7(3):e23790) doi: 10.2196/23790
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Introduction

Email patient-provider communication (PPC) is broadly defined
to include computer-based PPC “within a contractual
relationship in which the health care provider has taken an active
measure of responsibility for the clients” [1]. Email PPC
includes messages sent through electronic personal health
management tools and patient portals, which can enhance
traditional face-to-face communication between health care
providers and patients. Email PPC has been used by patients
for asynchronous inquiries about nonacute issues, medication
information, administration questions, and lab results [2]. Adults
who used email PPC reported it was most useful for managing
appointments, asking administrative questions, reviewing test
results, requesting prescriptive refills, and asking health-related
questions [2,3]. Individuals have also reported benefits of email
PPC for communicating sensitive issues that patients may be
too embarrassed to discuss during face-to-face encounters and
follow-up visits for chronic diseases [4]. Although some studies
have demonstrated that email PPC can increase the quality and
efficiency of health care delivery [5], others have found that the
use of electronic and email PPC, and the use of “e-visits,” may
lead to more office visits and limit health care providers’
abilities to treat new patients [6]. Despite patients expressing
interest in communicating with their provider via email, the
uptake remains low [2]. In 2003, only 4% of adults reported
using email to communicate with their health care provider. By
2018, the prevalence of email PPC had increased to 36% [7].
Among older adults, its prevalence rose from 2.7% in 2009 to
14.2% in 2018 [8]. Regardless of increasing trends, email PPC
remains underutilized, and disparities exist based on
demographic, socioeconomic, and health-related characteristics
[7,9-12]. Previous studies have found that adults who engage
in email PPC are more likely to be female and younger aged;
living in urban areas; have higher levels of education and
income; and have a history of chronic disease [7,9-11]. Several
studies have found that non-Hispanic White adults are more
likely to use email PPC than non-Hispanic Black and Hispanic
adults [4], yet the usage of email PCC among Hispanic adults
varies by US- and foreign-born subgroups [12]. These
differences may be due to structural barriers that exist with
broadband internet access, which may be more limited in poor
neighborhoods [13]. Individuals with diabetes, cardiovascular
disease, hypertension, a history of cancer, and multiple chronic
conditions are more likely to use email PPC than adults with
no chronic diseases [10,11]. Other studies have demonstrated

that gay and bisexual men are more likely to use email PPC
than heterosexual men [14].

Although previous research has demonstrated that quality
face-to-face PPC during traditional visits is a marker of an
increased likelihood of adults receiving cancer screenings and
immunizations [15-20], few studies have evaluated the impact
of email PPC between visits on the individual’s use of
preventive services. Interventions using electronic patient health
records and patient portals that engage patients in taking an
active role in their health care through electronic means have
been effective at improving delivery of recommended cancer
screenings [21]. However, less is known about how this
engagement through electronic modes of communication with
providers between visits can improve cancer screening
outcomes. Huang and colleagues [22] demonstrated that adults
who used patient portals to schedule appointments, request
referrals or prescription refills, share medical records, or
communicate with health care professionals by email were more
likely to receive a blood pressure check, lipid level check,
influenza vaccination, or colon cancer screening than those who
did not use patient portals. Totzkay and colleagues [23] found
that women who used electronic medical records were more
likely to receive breast cancer screenings. Despite positive
findings, these studies did not directly evaluate associations
between email PPC and likelihood of adults receiving
immunizations and cancer screenings.

To begin to fill this gap in our understanding of how email PPC
may be a marker of increased likelihood of cancer screenings,
this study is part of a program of research that utilizes national
health surveys to examine how predisposing and enabling factors
are associated with morbidity, mortality, and use of health
services. Patient experiences, including the use of face-to-face,
email, and other electronic communications with health care
providers, are examined as enabling factors of health services
use as an extension of Anderson’s Behavioral Model of Health
Services [24]. Two preliminary studies were conducted to
determine whether email PPC is a marker of increased likelihood
of vaccinations and cancer screenings. Using cross-sectional
data from the National Health Interview Survey (NHIS), we
found that adults who used email PPC had greater odds of
reporting receipt of an influenza vaccine [25]. Using
cross-sectional data from the Health Information National
Trends Survey (HINTS), we found no difference in the odds of
reporting receipt of breast, cervical, or colon cancer screening
among adults who used email PPC compared to those who did
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not use email PPC [15]. Although nationally representative, the
HINTS sample is much smaller (ie, N=3865 adults in HINTS
5 Cycle 3) than the NHIS sample (ie, N= 31,997 adults in 2019),
and the focus of the survey content is geared toward cancer risk
communication [26,27]. More research is needed to confirm
these findings by using larger nationally representative samples
focused on broader topics of morbidity, mortality, and the use
of preventive services. To further explore this relation, this study
aimed to determine the association between email PPC use and
the likelihood of adults receiving breast, cervical, and colon
cancer screenings before and after controlling for potential
covariates.

Methods

Data Source
We analyzed secondary, cross-sectional data from the 2011-2015
NHIS. Since 1957, the NHIS has collected information on
demographics, socioeconomics, and a wide range of health
topics among the civilian noninstitutionalized US population
[28]. During 2011-2015, the NHIS used a multistage sampling
design to monitor national trends in health, illness, and disability
while tracking progress toward national goals by using a
computer-assisted personal interviewing system during
face-to-face interviews [28]. The sampling design oversampled
Hispanic, Asian, and non-Hispanic Black persons to increase
the precision of estimates among racial and ethnic minorities
[28]. Information about health information technology use and
cancer screening behaviors have been measured annually since
2011 [29-31]. Further details of the NHIS sampling design and
data collection methods have been reported previously [28].

Participants
We limited our sample to individuals who received primary
health care in the past 12 months and were within the
recommended age groups for each cancer screening of interest.
For breast cancer screening, for instance, our sample was limited
to women aged 40 years and above without any prior history
of breast cancer based on American College of Obstetricians
and Gynecologists (ACOG) screening recommendations
(n=35,912) [32]. For cervical cancer screenings, our sample
was limited to women aged 21-65 years without any prior
history of cervical cancer based on the American Cancer Society
(ACS), ACOG, and the United States Preventive Services Task
Force (USPSTF) screening recommendations (n=48,512)
[33-35]. For colon cancer screenings, our sample was limited
to adults aged 50 years and older without any prior history of
colon cancer based on the ACS screening recommendations
(n=45,884) [33]. Individuals who reported that they do not use
the internet were excluded.

Variables

Independent Variable
The NHIS measured email PPC by asking individuals, “During
the past 12 months, have you ever used computers for any of
the following,” specifically to “…communicate with a health
care provider by email” (yes or no question) [28].

Dependent Variables
For breast cancer screenings, the NHIS asked women aged 30
years and older, “Have you had a mammogram during the past
12 months?” For cervical cancer screenings, women aged 18
years and older were asked, “Have you had a pap smear or pap
test during the past 12 months?” Adults aged 40 years and older
were asked, “During the past 12 months, have you had any test
done for colon cancer [28]?” Dichotomous variables (yes or no)
were created for each screening measure based on the
abovementioned inclusion criteria for age.

Covariates
We evaluated the following covariates based on previous studies
[15,25]: age (ie, 21-29 years and 30-39 years for cervical cancer
screenings only, 40-49 years for breast and cervical cancer
screenings only, 50-59 years, 60-70 years [60-65 years for
cervical cancer screenings], or 70 years and older); sex (ie,
female or male); race or ethnicity (ie, non-Hispanic White,
Hispanic, non-Hispanic Black, or non-Hispanic “other” race);
nativity status (born in the United States or not born in the
United States); marital status (ie, never married; married or
living as married; divorced, widowed, or separated); highest
level of education achieved (ie, no degree, high school degree
or General Educational Development tests, some college or
associate degree, or bachelor’s degree or higher); insurance
coverage (ie, insured or uninsured); perceived health status (ie,
excellent, very good, or good vs fair or poor); and survey year.

Statistical Analysis
Bivariate analyses were used to describe the association between
demographic, socioeconomic, health-related characteristics, use
of email PPC, and receipt of each cancer screening in the past
12 months (chi-square test; =.05). We calculated age-adjusted
prevalence estimates of receiving breast, cervical, and colon
cancer screenings among adults who reported using email PPC
by using estimated marginal (least-squares) means. Crude and
multivariable logistic regression procedures were used to test
for associations between email PPC (independent variable) and
whether they received breast, cervical, and colon cancer
screenings (dependent variable) before and after controlling for
covariates. Purposeful selection methods were used for building
fitted multivariable logistic regression models [36]. Our
multivariable models were adjusted for age (reference: youngest
age group, 40-49 years for breast cancer screenings, 21-30 years
for cervical cancer screenings, and 50-59 years for colon cancer
screenings); race or ethnicity (reference: non-Hispanic White);
marital status (reference: never married); education (reference:
bachelor’s degree or higher); health insurance (reference:
covered); and perceived health status (reference: fair or poor).
For colon cancer screenings only, multivariable models were
adjusted for sex (reference: men).

Sensitivity Analysis
Sensitivity analyses were conducted to align with different age
cutoffs for screening recommendations from other agencies
based on previous research [37]. For breast cancer and colon
cancer screenings, we limited the sample to women aged 50-75
years based on USPSTF recommendations [37,38]. No
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sensitivity analyses were conducted for cervical cancer
screenings.

Data were analyzed using SAS software (version 9.4) survey
procedures to account for primary sampling units, clustering,
and the sophisticated weighting in the sampling design. The
annual sample adult weight was divided by five to account for
combining 5 years of data based on NHIS analytic
recommendations [39].

This study was deemed exempt from human subjects review
by the Committee for the Protection of Human Subjects at the
University of Texas Health Science Center at Houston.

Results

Selected Characteristics
The mean ages of women who received breast and cervical
cancer screenings in the past 12 months were 56.90 years (95%
CI 56.71-57.08) and 41.2 (95% CI 41.00-41.40) years,
respectively. The mean age of adults who received a colon
cancer screening the past 12 months was 62.1 (95% CI
61.94-62.35) years. Women who reported having a breast cancer
screening in the past 12 months were more likely to be

non-Hispanic White; be married or living with a partner; have
a bachelor’s degree or higher level of education; have health
insurance coverage; and perceive their health as excellent, very
good, or good (all P<.05). Similar results were observed for
cervical cancer screenings. Additionally, US-born women
(27,006/31,977, 85.5% weighted) were more likely to receive
a cervical cancer screening than foreign-born women
(4971/31,977, 14.5% weighted; P<.001). Furthermore, over
half (5587/11,713, 50.9% weighted) of the adults who received
a colon cancer screening were male (P<.001). Results were
similar to those for breast and cervical cancer screenings for
race or ethnicity, marital status, education, and health insurance
coverage (all P<.001). Further details of the bivariate analyses
(unweighted frequencies and weighted percentages) are reported
in Table 1.

Age-adjusted prevalence estimates of receiving a breast,
cervical, or colon cancer screening based on email PPC use are
reported in Table 2. Among adults who received primary health
care in the last 12 months, the age-adjusted prevalence of
receiving a colon cancer screening was the lowest (34.4%)
among those who used email PPC compared to women who
underwent breast (70.5%) and cervical (70.6%) cancer
screenings.
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Table 1. Selected characteristics by receiving a breast, cervical and colon cancer screening in the last 12 months, National Health Interview Survey
2011-2015.

Colon cancer screening (n=45,884), n
(weighted %)

Cervical cancer screening (n=48,512), n
(weighted %)

Breast cancer screening (n=35,912), n
(weighted %)

Characteristic

P valueYes
(n=11,713)

No
(n=34,171)

P valueYes
(n=31,982)

No
(n=16,530)

P valueYes
(n=22,355)

No
(n=13,557)

<.001<.001.005Race or ethnicity

8476 (78.5)26,330
(81.6)

19,598
(68.7)

11,087
(72.0)

15,865
(76.4)

9659 (76.3)Non-Hispanic
White

950 (6.4)2494 (6.1)4801 (11.9)2175 (11.3)2200 (7.9)1367 (8.4)Hispanic

1698 (10.5)3646 (7.6)5493 (13.6)2013 (9.5)3121 (10.6)1752 (9.6)Non-Hispanic
Black

589 (4.6)1701 (4.7)2090 (5.8)1255 (7.1)1169 (5.0)779 (5.7)Non-Hispanic
Asian or Other

0.03.001.46Nativity status

1431 (12.6)3895 (11.5)4971 (14.5)2649 (15.9)3089 (13.5)1856 (13.9)Foreign-born

10,279
(87.4)

30,269
(88.5)

27,006
(85.5)

13,875
(84.1)

19,263
(86.5)

11,697
(86.1)

US-born

<.001<.001<.001Marital status

949 (5.5)2963 (5.9)7557 (18.5)3498 (18.2)2165 (6.6)1502 (8.1)Never married

6792 (72.5)18,594
(69.3)

17,838
(67.5)

8752 (63.6)12,227
(69.2)

6340 (61.1)Married or living
with partner

3947 (22.0)12,522
(24.8)

6507 (14.1)4232 (18.2)7899 (24.2)5664 (30.8)Divorced, wid-
owed, or separat-
ed

<.001<.001<.001Education

955 (6.8)2989 (7.3)2076 (5.4)1352 (7.5)1515 (5.6)1426 (9.1)Less than high-
school graduate

2468 (20.9)8134 (24.0)5724 (18.1)3598 (22.5)4857 (22.2)3360 (25.2)High-school
graduate

3808 (31.7)10,822
(30.9)

11,050
(33.8)

6136 (36.9)7325 (31.8)4758 (34.7)Some college

4447 (40.6)12,127
(37.8)

13,081
(42.8)

5400 (33.2)8600 (40.3)3966 (31.0)Bachelor’s de-
gree or higher

<.001<.001<.001Health insurance

302 (2.4)1882 (5.1)2989 (8.0)2391 (13.7)865 (3.5)1506 (11.0)Not covered

11,396
(97.6)

32,223
(94.9)

28,915
(92.0)

14,078
(86.3)

21,446
(96.5)

12,016
(89.0)

Covered

.08<.001<.001Perceived health status

2105 (16.1)5765 (15.3)2806 (7.7)2694 (15.0)2736 (11.0)2760 (18.5)Fair or poor

9606 (83.9)28,385
(84.7)

29,162
(92.3)

13,831
(85.0)

19,606
(89.0)

10,792
(81.5)

Excellent, very
good, or good

0.02<.001<.001Survey year

3139 (25.8)9299 (26.6)7455 (23.0)3493 (21.2)5414 (23.8)3875 (27.9)2011

1889 (16.3)5259 (16.0)6222 (18.9)2683 (16.3)3872 (17.7)1991 (15.2)2012

2159 (19.5)5899 (17.8)6219 (19.6)3175 (19.4)4168 (19.1)2323 (17.5)2013

2260 (18.3)6901 (19.3)6319 (18.9)3645 (21.0)4554 (19.4)2675 (18.9)2014

2266 (20.1)6813 (20.4)5767 (19.5)3534 (22.1)4347 (19.9)2693 (20.4)2015
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Table 2. Age-adjusted prevalence of screenings by email patient-provider communication (PPC), National Health Interview Survey 2011-2015.

Colorectal cancer screening, OR (95% CI)Cervical cancer screening, OR (95% CI)Breast cancer screening, ORa (95% CI)Email PPC

25 (24-26)67 (66-67)62 (61-63)No

34 (33-36)71 (69-72)71 (69-72)Yes

aOR: odds ratio.

Logistic Regression Analysis
Crude and adjusted logistic regression results are reported in
Table 3. In adjusted models, women who used email to
communicate with their health care providers had 1.32 times
greater odds (95% CI 1.20-1.44) of receiving a breast cancer
screening and 1.11 times greater odds (95% CI 1.02-1.20) of

receiving a cervical cancer screening than women who did not
use email PPC. Adults who used email to communicate with
their health care providers had 1.55 times greater odds (95% CI
1.42-1.69) of receiving a colon cancer screening than those who
did not use email PPC. Specific estimates for covariates included
in our logistic regression models are provided in Table S1 of
Multimedia Appendix 1

Table 3. Crude and adjusted logistic regression models, National Health Interview Survey 2011-2015.

Colorectal cancer screeningb, OR (95% CI)Cervical cancer screeningb, OR (95% CI)Breast cancer screeningb, ORc (95% CI)Email PPCa

AdjustedCrudeAdjustedCrudeAdjustedCrude

1.001.001.001.001.001.00No

1.55 (1.42, 1.69)1.58 (1.44, 1.73)1.11 (1.02, 1.20)1.17 (1.08, 1.27)1.32 (1.20, 1.44)1.50 (1.38, 1.62)Yes

aPPC: patient-provider communication.
bFor each cancer screening, multivariable models adjusted for age (reference: youngest age group, 40-49 years for breast cancer screening, 21-30 years
for cervical cancer screening, 50-59 years for colon cancer screening); race or ethnicity (reference: non-Hispanic White); marital status (reference: never
married); education (reference: bachelor’s degree or higher); health insurance (reference: covered); and perceived health status (reference: fair or poor).
For colon cancer screening only, multivariable models adjusted for sex (reference: men).
cOR: odds ratio.

Sensitivity Analysis
Crude and adjusted logistic regression results from our
sensitivity analysis are reported in Table S2 of Multimedia
Appendix 1. The results were similar to our analytical sample.
All 95% CIs overlapped with our initial findings.

Discussion

Principal Findings
We aimed to determine the association between email PPC and
whether adults received breast, cervical, and colon cancer
screenings. Overall, we found that adults who used email to
communicate with their health care providers between visits
had greater odds of receiving each of the three types of
screenings. These findings go beyond our previous research
that used other nationally representative data sources (Medical
Expenditure Panel Survey and HINTS), which demonstrated
that quality face-to-face PPC increased the likelihood of adults
receiving cancer screenings [15,16]. Nevertheless, there was
no difference in breast, cervical, or colon cancer screening
uptake among adults who did and those who did not use email
PPC.

Using the NHIS, we were able to further explore the role of
email PPC as a marker of the likelihood of adults receiving
cancer screening using a nationally representative sample larger
than that used in previous studies. For breast cancer screening,
we found that women who used email PPC had 32% increased
odds of receiving a mammogram compared to women who did

not use email PPC. Other studies exploring whether online PPC
and general health information technology use were associated
with breast cancer screening found that electronic medical record
and patient portal use increased women’s likelihood of receiving
mammograms [23,40-42]. Moreover, we found that email PPC
increased women’s odds of receiving a Pap test by 11%. This
finding result differs from our study using HINTS data, which
did not find any association between email PPC and cervical
cancer screenings [15]. To our knowledge, only one other study
has demonstrated that general electronic medical record use can
increase cervical cancer screenings [41]. Finally, we found that
the use of email PPC increased the likelihood of adults receiving
a colon cancer screening by 55%. Our previous study using
HINTS data indicated that adults had 39% higher odds of
receiving a colon cancer screening; however, the results did not
reach statistical significance (95% CI 0.99-1.95). Similar to
studies evaluating breast cancer screening, previous research
has demonstrated that adults who used patient portals to schedule
appointments, request referrals or prescription refills, view
decision aids, share medical records, or communicate with health
care professionals by email were more likely to receive colon
cancer screenings than those who did not use patient portals
[22,42]. For all cancer screenings, the lack of research providing
direct comparisons to our results may be due to limitations of
examining email PPC only, which excludes other online
communicative functions such as text messaging, mobile apps,
and social media [43].

For all cancer screenings, several factors may have contributed
to obtaining results different from our previous study using
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HINTS data [15]. The greatest factor may be the way email
PPC was measured. The NHIS measured whether adults used
computers or the internet to communicate with their health care
provider by email [28]. A similar measure was used in the
HINTS 4 survey during Cycles 1 and 3 [44]. Adults who
responded “yes” on either survey may have regarded automatic
emails for appointment reminders or diagnostic test results as
email PPC versus directly emailing their health care provider
about specific health concerns. During HINTS Cycle 3 and 4,
this question was revised to directly assess whether adults
exchanged health information with their health care provider
via email [44]. The reasoning for and quality of communication
remained unmeasured by both surveys. Future iterations of these
data sources should be revised to fully capture communication
behaviors to further explore the implications of email PPC on
the uptake of preventive services.

Strengths and Limitations
A strength of this study was the use of survey data from multiple
years of the NHIS, a nationally representative survey that has
consistently measured health behaviors, preventive health
services, and a wide array of other health-related characteristics
to meet national health objectives for over 60 years [28]. The
depth and breadth of demographic, socioeconomic, and
health-related characteristics measured by the NHIS on an
annual basis allowed us to explore and control for multiple
covariates in our logistic regression models. However, the NHIS
does not collect characteristics on patient engagement in health
care outside from assessing adults’ use of health information
technology to look up health information, refill prescriptions,
schedule appointments, use online chat groups, and
communicate with health care providers via email that may
result in unresolved confounding. Previous research has
demonstrated that adults who use electronic methods of
communication with their health care providers and adults who
follow recommended cancer screening guidelines are more
engaged in their health care than those who do not [5]. In our

study, email PPC and cancer screening behaviors were both
measured in the past 12 months based on how the questions
were asked by the NHIS. Our results may suffer from
temporality biases, as we were unable to determine whether
email PPC occurred before or after receiving any cancer
screening. By limiting our cancer screening outcome to the past
12 months instead of based on adherence (eg, past 2 years for
mammogram, past 3 years for Pap testing, and past 10 years for
colonoscopy), we minimized this potential bias. A limitation to
our measurement of email PPC was that we were unable to
determine the direction of the email (ie, patient to provider vs
provider to patient) and whether the content of the
communication was screening related or pertaining to any
medical information. The clinical significance of our results
may be limited due to reporting odds ratios and marginal means.
The use of other marginal effects may have improved our
study’s practical relevance [45]. Our cancer screening measures
were self-reported. Some studies have cautioned that results
from self-reported nationally representative studies may
overestimate cancer screening uptake [46], whereas others have
found that self-reported responses are consistent with findings
from hospital records [47,48]. It is also important to note that
the NHIS is a cross-sectional survey, so our results only
represent associations instead of causal relations.

Conclusions
This study begins to fill the gap in our understanding of how
email PPC and direct electronic messaging between
appointments may be a marker of the increased likelihood of
adults receiving preventive health services, in particular, cancer
screening uptake. More research is needed to determine the
need for and effectiveness of targeted strategies for promoting
appropriately timed cancer screenings by using web-based PPC
tools such as email and direct messaging. Furthermore, there is
a need for more research to examine reasons for and quality of
email PPC for making preventive health care decisions.
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