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Abstract
Background Patient-provider communication can be assessed by the patient-centered communication (PCC) score. 
With rapid development of electronic health (eHealth) information usage, we are uncertain of their role in PCC. Our 
study aims to determine the association between PCC and eHealth usage with the analysis of national representative 
survey data.

Methods This is a cross sectional analysis using the Health Information National Trends Survey 5 (HINTS 5) cycle 1 
to cycle 4 data (2017–2020). Seven specific questions were used for PCC assessment, and eHealth usage was divided 
into two types (private-eHealth and public-eHealth usage). A multivariate logistic regression was performed to 
determine the association between PCC and eHealth usage after the adjustment of other social, demographic, and 
clinical variables.

Results Our study analyzed a total of 13,055 unweighted participants representing a weighted population of 
791,877,728. Approximately 43% of individuals used private eHealth and 19% used public eHealth. The adjusted odds 
ratio (AOR) of private-eHealth usage associated with positive PCC was 1.17 (95% CI 1.02–1.35, p = 0.027). The AOR of 
public-eHealth usage associated with positive PCC was 0.84 (95% CI 0.71–0.99, p = 0.043).

Conclusion Our study found that eHealth usage association with PCC varies. Private-eHealth usage was positively 
associated with PCC, whereas public-eHealth usage was negatively associated with PCC.

Keywords Health communication, Patient-centered, Personal health record, Internet

The association between electronic health 
information usage and patient-centered 
communication: a cross sectional analysis 
from the Health Information National Trends 
Survey (HINTS)
Heidi Knowles1, Thomas K. Swoboda2, Devin Sandlin1, Charles Huggins1, Trevor Takami1, Garrett Johnson1 and 
Hao Wang1*

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12913-023-10426-6&domain=pdf&date_stamp=2023-12-8


Page 2 of 10Knowles et al. BMC Health Services Research         (2023) 23:1398 

Introduction
eHealth information (private and public eHealth)
With the rapid increase in internet use around the world, 
electronic health (eHealth) information has become 
another common healthcare resource available to indi-
viduals [1]. The most cited definition of eHealth was 
initially defined by Eysenbach in 2001 [1] as “health ser-
vices and information delivered or enhanced through the 
internet and related technologies.” In recent years, after 
reviewing qualitative studies with key informants, a con-
ceptual model for eHealth developed that included three 
prominent, overlapping eHealth domains: [2] (1) using 
digital technologies to monitor, track, and inform health, 
(2) using digital technologies to enable health communi-
cations between patients and healthcare providers, and 
(3) data enabling health. eHealth usage refers to the first 
two domains. Furthermore, eHealth information can also 
be divided into two categories: personal eHealth infor-
mation restricted to only individuals and healthcare pro-
viders (e.g., individual patient portal or personal health 
records, usually referred to as protected health infor-
mation, here after referred to as private-eHealth) and 
public eHealth information that individuals may share 
publicly (e.g., information shared in support groups, 
online forums, or social networking sites that might be 
open to the public with no access restriction, referred 
to as public-eHealth). Dealing with different formats of 
eHealth information may indicate patients having differ-
ent preferences about their healthcare communication. 
Some might prefer directly communicating with health-
care providers, while others might seek online healthcare 
information to gain additional opinions [3].

Patient-centered communication and eHealth
It is still uncertain whether seeking different eHealth 
information would affect patient-centered commu-
nication. Patient-centered communication (PCC) is a 
key component of patient-centered care and is directly 
related to healthcare quality [4, 5]. Reports from previous 
studies have shown indirect associations between PCC 
and eHealth usage [6–9]. Some studies have shown that 
individuals who had private-eHealth usage (e.g., patient 
portals) tended to promote better self-care behavior with 
better clinical outcomes [6, 7], a positive self-care behav-
ior is positively associated with patient-centered com-
munication [10]. Other studies suggested that individuals 
who had public-eHealth usage (e.g., online support group, 
apps to obtain online health-related information) could 
expand their health-related knowledge to help with mak-
ing health-related decisions [8, 9], and patient-providers’ 
shared decision making is one of the key elements for 
patient-centered communication. However, other con-
troversial findings can be found in the literature. Some 
studies showed no significant changes in terms of clinic 

outcomes among patients using patient portals versus 
ones who did not [11, 12]. Other studies showed online 
searching of health-related information might decrease 
patient’s perceptions of patient-centered communication 
[13]. Therefore, it is meaningful to further investigate 
how eHealth usage affects patient-provider rapport and 
subsequently influencing patient-centered communica-
tion utilizing large-scale data with diverse populations.

Previous studies have extended the use of PCC to fur-
ther evaluate patient-provider rapport as a more efficient 
PCC is crucial for building up better patient-provider 
rapport [14, 15]. A PCC-scale can be calculated, with 
higher scores indicating better patient-centered com-
munication [16]. Results from previous studies show 
that better PCC scores are linked to higher patient sat-
isfaction, higher patient-provider trust, greater patient 
compliance, increased health-related self-efficacy, and 
improved clinical outcomes [17–20]. The PCC score can 
be used as an indicator for quality care. However, many 
factors could affect PCC scores including demographics, 
social determinant of health (SDOH), and individuals’ 
different approaches to healthcare information, etc. [3, 
21]. For example, persons of older age tend to be asso-
ciated with better PCC, and persons with lower incomes 
were associated with lower PCC [21]. However, reports 
on the different approaches to eHealth information (such 
as online information versus information from healthcare 
providers) and their effects on PCC are sparse.

Clinical significance
To better understand eHealth affecting patient-provider 
rapport, determining the association between eHealth 
usage and patient-centered communication becomes 
an essential step. Factors such as providers’ attitude of 
dealing with their patients, providers’ body language, 
and the surrounding clinical environment could affect 
patients’ judgement of their communication leading to 
different perceptions of PCC [22, 23]. These factors are 
less perceived by patients during electronic communica-
tion, which could affect patient-provider communication 
effectively [24]. The formats of electronic communication 
can be virtual (e.g., telemedicine, chart messages), text 
message, or shared health information to an untargeted 
population (e.g., an online support group where indi-
viduals may receive feedback from a mix of healthcare 
and non-healthcare persons). The association between 
eHealth usage and PCC is uncertain. At present, relevant 
literature is mixed in their results and conclusions. Some 
studies report a positive association between eHealth 
usage (i.e., personal health record use) and PCC, [25, 
26] while other studies reported a negative association 
between eHealth usage (i.e., telemedicine, searching pub-
licly available health-related information) and PCC [13, 
27].
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Objectives
There are differences between traditional face-to-face 
patient-provider encounters and eHealth communication 
[28]. Determining the associations between PCC and 
eHealth communication could identify factors that makes 
eHealth communication different from routine face-to-
face communication. These findings could potentially 
serve as guidelines for implementation of improvements 
to electronic communication between patients and pro-
viders, with the goal of improving patient care outcomes. 
Taken together, our study aims to (1) investigate the dif-
ferences of using two different eHealth usages (i.e., pri-
vate- versus public-eHealth usage), and (2) determine the 
association between PCC and eHealth communication 
among individuals of different race/ethnicities.

Methods
Study designs and setting
This is a cross-sectional observational study. All data 
used in this study are de-identified data from one national 
representative survey and is publicly available at https://
hints.cancer.gov/data/download-data.aspx. The regional 
institutional review board considered this research proj-
ect as a non-human research study.

Health Information National Trends Survey (HINTS)
HINTS is a nationally representative, cross-sectional sur-
vey of American adults that has been administered by the 
National Cancer Institute since 2003. Survey participants 
were randomly selected from adults aged 18 or older in 
the United States during the survey cycles. To determine 
the status of participants’ perception of PCC, their inter-
net usage, their eHealth, and their use of usual sources 
of care, four HINTS data cycles were used (HINTS 5 
cycle 1, 2, 3, and 4) in this study. HINTS 5 cycle 1 was 
conducted from January 25 through May 5, 2017, cycle 
2 from January 26 through May 2, 2018, cycle 3 was 
conducted in 2 parts, the first one was conducted from 
January 22 to April 30, 2019, and another Web Pilot was 
conducted from January 29 through May 7, 2019. Cycle 4 
was conducted from February 24 through June 15, 2020. 
The four cycles of HINTS data were appended using the 
merging tool of Stata data format (see website: https://
hints.cancer.gov/data/data-merging-tool.aspx).

The inclusion and exclusion criteria
The study population included all adults who partici-
pated in one of the HINTS 5 survey cycles. As this study 
focuses on the investigation of participants’ perception 
of PCC, participants whose PCC scores were missing 
or unable to be calculated (i.e., responded to less than 
4 out of the 7 PCC questions) were excluded from this 
study. PCC scores indicate patients having communica-
tion with the healthcare providers, but they are unable to 

determine whether the communication was rendered via 
in-person or virtually. Our study assumes that patient-
provider communication could occur in both formats. In 
addition, we did not exclude any participants whose PCC 
scores were calculated but reported having no usual care 
visits in the past 12 months. Patients could have visits 
which occurred more than 12 months ago, or they may 
have defined “provider visits” as in-person visits and did 
not count telemedical or virtual care as another type of 
healthcare visit.

Outcome measures (patient-centered communication)
The primary study outcome was survey participants’ 
perceptions of PCC. In 2007, a group of seven questions 
was generated by the National Cancer Institute to com-
prehensively evaluate PCC. These questions correlate 
with the efficacy of building up patient-provider rapport 
and were included in the Health Information National 
Trends Survey (HINTS). These seven questions were: 
(1) How often did they give you the chance to ask all the 
health-related questions you had? (2) How often did they 
give the attention you needed to your feelings and emo-
tions? (3) How often did they involve you in decisions 
about your health care as much as you wanted? (4) How 
often did they make sure you understood the things you 
needed to do to take care of your health? (5) How often 
did they explain things in a way you could understand? 
(6) How often did they spend enough time with you? 
and (7) How often did they help you deal with feelings of 
uncertainty about your health or health care?

In HINTS, a four-point Likert-scale is used to evalu-
ate the levels of PCC for all 7 questions: Always, Usu-
ally, Sometimes, and Never. Scale scores are created by 
reverse-scoring all items (always = 4, usually = 3, some-
times = 2, and never = 1), summing all scores and tak-
ing the average. A minimum of four valid PCC item 
responses were chosen to generate a PCC score as previ-
ously reported [16]. The average PCC score ranges from 
1.0 to 4.0. Since PCC scores are highly skewed data, the 
PCC score was further classified into two categories, 
positive perception was an average PCC score of 3.5 or 
greater and negative perception was an average PCC 
score of less than 3.5.

Key Independent variables
Private eHealth usage
To evaluate private-eHealth usage, survey participants 
were asked, “How many times did you access your online 
medical record in the last 12 months?” This question 
determines which participants used private eHealth as 
these medical records are considered personal health 
information with restricted eHealth usage (e.g., restricted 
communication between patients and providers to pro-
tect privacy). Participants having at least one access to 

https://hints.cancer.gov/data/download-data.aspx
https://hints.cancer.gov/data/download-data.aspx
https://hints.cancer.gov/data/data-merging-tool.aspx
https://hints.cancer.gov/data/data-merging-tool.aspx
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their personal online medical record were classified as 
positive private-eHealth users, whereas those who had 
not accessed their online medical record in the last 12 
months were classified as negative users.

Public eHealth usage
To evaluate public-eHealth usage, survey participants 
were asked these two questions: “In the last 12 months, 
have you used the internet to share health information 
on social networking sites such as Facebook or Twitter?” 
and “In the last 12 months, have you used the internet 
to participate in an online forum or support group for 
people with a similar health or medical issue?” These 
health communications are open to both healthcare and 
non-healthcare persons and can become a publicly avail-
able online resource without restrictions. Positive public-
eHealth users were identified if they answered “yes” to 
one or both questions while negative users were identi-
fied if they answered “no” to both questions.

Other key independent variables
Other variables include individual demographic, social, 
and health-related factors. Individual demograph-
ics included age (18–34, 35–49, 50–64, 65–74, and 
75+), gender (male, female), race [Non-Hispanic White 
(NHW), Non-Hispanic Black (NHB), Hispanic/Latino, 
Non-Hispanic Asian (NHA), and other], and marital 
status (single, married, and other). Patient social factors 
included education level (less than high school, complete 
high school to some college level, and college and above), 
internet access (yes, no), and income level (<$20,000, 
$20,000–49,999, $50,000–99,999, and ≥$100,000). Patient 
health-related factors included insurance (yes, no), and 
usual source of care which was identified by the ques-
tion “Not including psychiatrists and other mental health 
professionals, is there a particular doctor, nurse, or other 
health professional that you see most often?” Participants 
were considered as having a usual source of care if their 
answer was “yes.”.

Data analysis
Missing data imputations
Participants were excluded who had either missing data 
from the outcome variable (PCC) or PCC scores were 
unable to be calculated. In terms of independent vari-
ables, deleting all participants who had missing data 
would generate significant participant selection bias. 
Therefore, all missing data from independent variables 
were imputed using multiple imputation by chained 
equations (MICE), an iterative form of stochastic impu-
tation. All missing data was completed with estimated 
values to generate a complete data set. Such data gen-
eration was repeated 20 times. For each generation, a 
logistic regression for the binary variables (i.e., gender, 

race, insurance, having internet, regular source of care, 
private-eHealth, and public-eHealth), and multinomial 
logistic regression for unordered categorical variables 
(i.e., age, race, marital status, education level, and income 
level) was utilized. After 20 multiple imputed datasets 
were created, the specified estimation model on each 
dataset was executed and the final estimate was obtained 
with the combination of all the estimates across all the 
imputed datasets.

Statistical analysis
Participant general demographics were reported. 
Weighted percentages of each variable (internet use, 
routine source of care, private-eHealth access, public-
eHealth access, and patient perception of PCC) were 
reported. These variables were reported and compared 
with different race/ethnicities (Non-Hispanic White 
(NHW), Non-Hispanic Black (NHB), Hispanic/Latino, 
Non-Hispanic Asian (NHA), and Other). In addi-
tion, multivariate logistic regression was performed to 
determine the association between individual percep-
tion of PCC and their eHealth activities. Adjusted odds 
ratios (AOR) with 95% of confidence interval (CI) were 
reported after the adjustment of other variables includ-
ing participants demographic, social, and clinic-related 
factors. Due to analyzing the imputed data, the fractional 
amount of missing information (FMI) was calculated as 
higher FMI may indicate a problematic variable with a 
high proportion of missing information [29]. The num-
ber of data imputes should be equal to or greater than 
the largest FMI to ensure the accuracy of the estimates. 
In this study, all analyses including data merging, data 
imputation, and final analyses were performed by Stata 
14.2 (College Station, TX).

Reporting guideline
Strengthening of the reporting of observational studies in 
epidemiology (STROBE) reporting guidelines were fol-
lowed in describing study methods and findings [30].

Results
Descriptive analysis
Four cycles of HINTS 5 data were merged with a total of 
16,092 unweighted participants, including 3,285 partici-
pants from cycle 1, 3,504 from cycle 2, 5,438 from cycle 3, 
and 3,865 from cycle 4. 3,037 participants were excluded 
whose PCC scores cannot be calculated due to missing 
more than 3 PCC questions. A final 13,055 unweighted 
study participants representing 791,877,728 weighted 
individuals were placed into the analyses.

Table  1 shows the weighted percentages of all vari-
ables collected from this study before and after the 
multiple imputations. The missing data rates from all 
variables range from 0.17 to 12.59% with a median of 
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Table 1 A comparison of original and imputed variables used in the study
Original (Wt%) Imputed (Wt%)

Age

 18–34
 35–49
 50–64
 65–74
 75+
 Missing/error

22.23%
24.96%
29.49%
12.16%
8.80%
2.35%

22.55%
25.35%
30.24%
12.71%
9.16%

Gender

 Male
 Female
 Missing/error

43.41%
50.15%
6.43%

46.05%
53.95%

Race/ethnicity

 Non-Hispanic White (NHW)
 Non-Hispanic Black (NHB)
 Hispanic/Latino
 Non-Hispanic Asian (NHA)
 Others
 Missing/error

61.97%
9.93%
13.29%
4.41%
3.10%
7.30%

65.96%
11.20%
14.77%
4.72%
3.35%

Education level

 Less than High School
 High school to Some college
 College and above
 Missing

6.91%
59.06%
32.14%
1.89%

7.15%
60.07%
32.77%

Marital status

 Single
 Married
 Others
 Missing

27.75%
55.28%
14.77%
2.20%

28.29%
56.19%
15.52%

Income ranges

 <$20,000
 $20,000–49,999
 $50,000–99,999
 ≥$100,000+
 Missing

16.79%
24.00%
30.57%
27.32%
1.33%

17.22%
24.38%
30.85%
27.55%

Insurance

 No
 Yes
 Missing/error

5.43%
93.91%
0.66%

5.48%
94.52%

Internet access

 No
 Yes
 Missing

14.49%
85.34%
0.17%

14.53%
85.47%

Usual source of care

 No
 Yes
 Missing

26.79%
72.48%
0.73%

27.04%
72.96%

Private-eHealth usage

 No
 Yes
 Missing

48.34%
39.07%
12.59%

56.67%
43.33%

Public-eHealth usage

 No
 Yes
 Missing

80.04%
18.70%
1.26%

81.15%
18.85%

Note: Table-1 illustrates the weighted percentages of variables before and after the imputation. The missing/error information of variables were all replaced after 
the imputation
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1.89%. Participants were female predominant (50.15%), 
Non-Hispanic White (NHW) individuals (61.97%), most 
participants had internet access (85.47%), insurance cov-
erage (94.52%), and a usual source of care (72.96%). Less 
than half of the participants had private-eHealth (43.33%) 
and public-eHealth (18.85%) usages (see Table 1).

Main results
Internet access, usual source of care, eHealth activities, 
and PCC were compared among participants with dif-
ferent race/ethnicities. Table  2 shows Hispanic/Latino 
participants tended to have lower usual source of care 
(55.98%, p < 0.05 in comparison to NHW, NHB, and 
other race/ethnicities) and lower private-eHealth usage 
(33.56%, p < 0.05 in comparison to NHW and NHA). Peo-
ple who identified as Non-Hispanic Black (NHB) tended 
to have lower internet access (76.63%, p < 0.05 in compar-
ison to NHW and NHA). Though NHW participants had 
a lower public-eHealth usage, no statistically significant 
differences were found (18.24%, p > 0.05 when compare 
with other 4 groups of race/ethnicity). NHA had the low-
est perception of PCC (37.94%, p < 0.05) when compared 
to all other groups.

A multivariate logistic regression (Table  3) was per-
formed to determine the association between PCC and 
eHealth usage after adjusting for all other factors includ-
ing demographics (age, gender, race/ethnicity, and mari-
tal status), social (internet access, income level, and 
education level), and clinical information (insurance cov-
erage, and usual source of care). The adjusted odds ratio 
(AOR) of public-eHealth usage associated with PCC was 
0.84 (95% CI 0.71–0.99, p = 0.043). The AOR of private-
eHealth usage associated with PCC was 1.17 (95% CI 
1.02–1.35, p = 0.027). In addition, two factors were asso-
ciated with positive PCC including usual source of care 
(AOR = 1.36, 95%CI 1.15–1.59, p < 0.001) and higher 
income (≥$100,000+, AOR = 1.48, 95%CI 1.17–1.88, 
p = 0.001). Two factors were associated with negative PCC 
including having internet access (AOR = 0.79, 95% CI 
0.65–0.96, p = 0.019) and being a NHA (AOR = 0.55, 95% 
CI 0.40–0.75, p < 0.001). The largest FMI was 12%, which 
indicates that at least 12 randomly imputed datasets are 
required for the accuracy of missing data imputation. 

Twenty repeated datasets were utilized in this study indi-
cating that the imputed datasets were adequate.

We further performed the public versus private eHealth 
usage interaction analysis. Individuals were divided into 
4 groups. Using Individuals with public but no private 
eHealth usage as the reference, the AOR of individuals 
with both private and public eHealth usage was 1.24 (95% 
CI 0.98–1.56, p = 0.071), AOR of individuals with neither 
private nor public eHealth usage was 1.30 (95% CI 1.04–
1.62, p = 0.020). More importantly, AOR of individuals 
with private but no public eHealth usage had over 1.5-
time higher odds to be associated with higher PCC scores 
(AOR = 1.58, 95% CI 1.27–1.98, p < 0.001), indicating the 
synergistic effect of different eHealth usage.

Limitation
There are areas in which this study is limited. First, our 
study was a retrospective observational study, where 
missing data or data errors are unavoidable. Second, 
though our study combined 4 years of HINTS 5 data, we 
can only determine the recent trend of PCC and eHealth 
changes (e.g., from 2017 to 2020). Our methods could 
only determine the association between PCC and eHealth 
use without knowing any potential causative effect. 
Although all common independent variables for such 
association analysis have been included, other potential 
variables could exist that affect individual perception of 
patient-centered communication and act as a significant 
confounder to this analysis. Third, we did not exclude 
participants who had PCC scores but did not have usual 
care in the past 12 months. Though we interpreted them 
as those who may have had a visit more than 12 months 
ago or have had virtual care visits, there were no direct 
questions to participants that would validate our assump-
tion. Additionally, no questions focused on telehealth vis-
its, therefore, we determined PCC associated with both 
in-person and virtual patient-provider communication. 
Finally, since two variables had “other” categories (i.e., 
race/ethnicity and marital status), due to their relatively 
small sample sizes, our study combined the data and clas-
sified it under the “other” category, which might cause 
misclassification bias. A future study focusing on a com-
prehensive analysis of factors affecting PCC (such as in-
person versus virtual health visits, patient-provider trust, 

Table 2 PCC and eHealth usage comparisons among participants of different race/ethnicities
NHW NHB Hispanic/Latino NHA Others

Internet access --- yes (Wt%) 88.18 76.63 78.75 86.33 89.74

Usual sources of care --- yes (Wt%) 78.74 67.78 55.98 61.38 66.76

Private-eHealth user --- yes (Wt%) 46.34 35.39 33.56 49.18 41.30

Public-eHealth user --- yes (Wt%) 18.24 20.83 19.31 19.22 21.86

Individual perception of positive PCC --- (Wt%) 55.13 56.52 50.65 37.94 51.40
Note: Internet: p < 0.05 when NHB compared with NHW, NHA, and others; Usual source of care: p < 0.05 when Hispanic/Latino compared with NHW, NHB, and others; Private-eHealth: 
p < 0.05 when Hispanic/Latino were compared with NHW, and NHA; Public-eHealth: p > 0.05 when NHW compared with all other four groups; ideal PCC: p < 0.05 when NHA compared 
with all other groups
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confidence in getting online health-related information, 
more detailed sociodemographic variables, etc.) and 
eHealth communication is warranted.

Discussion
Study main findings
As usage of the internet has increased, eHealth usage 
has become a more important means of communication 
in the field of healthcare [31, 32]. Our study investigates 
the association between patient-centered communication 

(PCC) and eHealth use and found that that association 
varies. Using protected/restricted eHealth informa-
tion (referred to as private-eHealth) was found to have 
a positive PCC association while using unprotected/
unrestricted eHealth information (referred to as public-
eHealth) had a negative association with PCC. This may 
indicate that patient-provider direct communication is 
important. Private eHealth use focused on the patient 
portal use in HINTS, and patient portal use is associated 
with positive PCC in the literature [25]. On the contrary, 

Table 3 Association between PCC and eHealth usage
Adjusted Odds Ratio with 95% CI P value

Public-eHealth usage

 No
 Yes

Reference
0.84 [0.71, 0.99]

0.043

Private-eHealth usage

 No
 Yes

Reference
1.17 [1.02, 1.35]

0.027

Usual source of Care

 No
 Yes

Reference
1.36 [1.15, 1.59]

< 0.001

Internet access

 No
 Yes

Reference
0.79 [0.65, 0.96]

0.019

Insurance coverage

 No
 Yes

Reference
1.06 [0.75, 1.50]

0.750

Age

 18–34
 35–49
 50–64
 65–74
 75+

Reference
0.89 [0.71, 1.11]
0.92 [0.75, 1.13]
1.09 [0.88, 1.36]
0.87 [0.67, 1.12]

0.312
0.418
0.434
0.271

Gender

 Male
 Female

Reference
1.10 [0.96, 1.25]

0.158

Race/ethnicity

 NHW
 NHB
 Hispanic/Latino
 NHA
 Others

Reference
1.17 [0.95, 1.44]
0.94 [0.77, 1.14]
0.55 [0.40, 0.75]
0.93 [0.65, 1.34]

0.144
0.502
< 0.001
0.700

Marital status

 Single
 Married
 Others

Reference
1.03 [0.87, 1.23]
1.21 [0.99, 1.47]

0.710
0.058

Education level

 Less than High school
 High school to some college
 College and above

Reference
1.12 [0.86, 1.47]
0.95 [0.71, 1.27]

0.392
0.707

Income level

 <$20,000
 $20,000–49,999
 $50,000–99,999
 ≥$100,000+

Reference
1.18 [0.96, 1.44]
1.13 [0.90, 1.40]
1.48 [1.17, 1.88]

0.115
0.288
0.001

Note: A multivariate logistic regression using imputed data with replicate weights was performed to determine the association between PCC and all variables. AOR with 95% CI and p 
value were reported in Table-3
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public eHealth with no restricted information and no 
focused communication target, often acted as an adjunct 
means to obtain needed health information. However, the 
quality of online health information varies, inconsistency 
might be found between online eHealth information and 
health information provided from healthcare providers, 
this could, potentially affect the patient-provider trust, 
thus influencing PCC [13]. These findings suggest that 
providers should pay more attention to patients’ prefer-
ences about approaching eHealth information. With the 
current trend of easily getting online health information, 
providers might need to discuss the value of health infor-
mation released in public. Providers might need to help 
patients screen the content of their eHealth information 
and identify the value of using it with online resources. 
Given the complexity of eHealth usage within differ-
ent formats, specific quality assessment tools targeting 
different eHealth formats might need to be developed. 
Our study’s results could serve as a foundation towards 
the development of healthcare provider education and 
appropriate quality assessment tools for future eHealth 
usage.

PCC and eHealth findings
Similar findings have been reported in past studies. Indi-
viduals’ PCC has been positively associated with personal 
health record use (e.g., patient portal) [25, 33]. Patients 
who used a patient portal more frequently tended to have 
better self-management behavior especially among ones 
with multimorbidity [19, 34]. Great patient-centered 
communication could also promote patient self-care 
behavior [10]. Taken together, it seems that an individual 
patient’s level of private-eHealth usage (e.g., patient por-
tal use, or electronic communication between patients 
and healthcare providers, etc.) might improve patient-
centered communication.

Public-eHealth usage can target the general popula-
tion without focusing on any specific individual. Previ-
ous studies showed that decreased PCC may be related 
to increased online viewing of health-related topics, [13, 
35] possibly because of poor patient-centered commu-
nication. Since patients might not fully understand their 
health conditions, or healthcare providers might not 
explain information clearly, individuals may search addi-
tional health-related information [13]. Another expla-
nation may be a lack of trust in healthcare providers, 
leading patients to seek out external resources to have 
second opinions or help make their medical decisions 
[36].

Electronic health communication differs from tradi-
tional health communication because it largely relies 
on digital technology (such as digital devices and the 
internet) with different communication formats (such 
as virtual video, text message, or online resources). This 

communication can be one-to-one (e.g., e-communica-
tion with certain healthcare providers) or one-to-mul-
tiple persons (e.g., forum or support group discussion). 
The setting of eHealth communication can vary over dif-
ferent time frames or in different settings (e.g., texting 
message while doing other tasks simultaneously). Health 
literacy also differs from eHealth literacy thus making 
the assessment of eHealth communication different than 
face-to-face communication [37].

Other factors influencing PCC
In addition, having usual sources of care was associated 
with positive PCC (Table  3) which might be caused by 
regular healthcare providers encouraging patients to use 
their patient portal [38]. Our study also found disparities 
in terms of perceptions of communication. NHWs tended 
to have lower public- and private-eHealth usages than the 
NHA group; but their perception of PCC was higher than 
NHA who tended to have both higher levels of public- 
and private-eHealth activities. Though similar findings 
have been reported in the literature, their mechanism(s) 
are still unclear [39, 40]. This might be attributed to 
NHA having relatively higher levels of education than 
other race/ethnicities as individuals with higher levels 
of education have been associated with relatively lower 
perception of PCC [41]. In addition, other factors might 
also affect NHA perception of PCC when compared with 
NHW including lack of understanding Asians’ cultural 
background and providers’ cognitive biases. When pro-
viders taking care of NHA patients, they might subcon-
sciously consider NHAs’ having received higher level of 
education, thus may give less explanation of the treat-
ment regimen and follow-up details, leading to the poor 
perception of PCC among such individuals [42–44]. Our 
findings are consistent with previous reports of other 
factors associated with PCC (e.g., higher income, usual 
source of care), indicating these common risks should be 
analyzed together to avoid the potential confounders [21, 
41].

Our study imputed independent variables by using 
MICE method. A significant amount of missing data 
would decrease the data accuracy if all were excluded and 
cause significant data selection bias. Multiple imputation 
using chained equations (MICE) produces unbiased coef-
ficient estimates [45]. Our study created 20 imputed data-
sets to enhance the accuracy. The association analysis on 
different types of eHealth usage was performed simulta-
neously with PCC after the adjustment of other potential 
confounders. Meanwhile, private versus public eHealth 
interaction analysis showed that less public eHealth 
usage in combination with more private eHealth usage 
might significantly improve PCC. However, such findings 
may require further validations. Our future study will 
further investigate the differences between traditional 



Page 9 of 10Knowles et al. BMC Health Services Research         (2023) 23:1398 

face-to-face and eHealth communication with the pur-
pose of deriving suitable communication quality assess-
ment tools for eHealth communication, identify potential 
interventions to improve private eHealth usage to further 
improve PCC, and determine the mechanism(s) of public 
eHealth use in related to the poor PCC among different 
racial and ethnic populations.

Conclusion
Our study found that the association of eHealth usage 
with PCC varies based on type. Private-eHealth usage 
was positively associated with PCC, whereas public-
eHealth usage was negatively associated with PCC.
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