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Abstract

Background:More than 170 million adults use dietary supplements (DS) in the United States, which can have both benefit and
harm to patient health. DS use is often poorly documented in the medical record and can pose health risks if not properly
communicated with providers. Reasons for poor DS documentation include low disclosure rates, time constraints of clinical
encounters, and providers’ failure to inquire about DS use. This study was conducted to assess patients’ views on the facilitators
and barriers to using a mobile health (mHealth) application (app) to collect and share DS information with their healthcare
providers.
Methods: Utilizing a theory-based conceptual model, we conducted 7 patient focus groups (FGs) to assess opinions on DS
safety, provider communication, comfort with technology use, and our proposed mHealth app. Participants were recruited
from the general public and through patient advisory groups. Patient views will inform the creation of an mHealth app to
improve DS patient-provider communication and tracking and reconciliation in the electronic medical record (EMR).
Results: Overall, participants believe their DS information is inaccurately represented in the EMR, leading to safety concerns
and negatively impacting overall quality of care. Participants desired an app designed with (1) Health Insurance Portability and
Accountability Act (HIPAA) compliance; (2) ease of use for a variety of technical efficacy levels; (3) access to reliable DS
information, including a DS-drug interaction checker; and (4) integration with the EMR.
Conclusion: An app to simplify and improve DS entry and reconciliation was of interest to patients, as long as it maintained
health autonomy and privacy and possessed key valuable features.
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Introduction

In the United States, dietary supplements (DS) are widely used,
especially among patients with acute and chronic illnesses.1-3

DS use is highly prevalent among cancer survivors (70.4%),4

ranging from 70% in breast cancer5 to 85% in gynecologic
cancer,6 as well as among patients with multiple chronic
conditions (50%)7 including hypercholesterolemia (30%),
hypertension (28%), and diabetes (25%).8 Furthermore, con-
comitant use of DS with prescription medications is common,
ranging from 34% in all age groups9 to 66% among older
adults.10 In patients with chronic disease, who often take
multiple prescription medications, some supplements are un-
safe due to supplement-drug interactions (SDI).11-13

DS are often presumed by patients to have a low potential
for harm, contributing to low rates of disclosure in medical
encounters.14 DS manufacturers are not required to submit
safety and efficacy data to the Food and Drug Administration
(FDA) prior to marketing, and quality control can vary widely
among manufacturers; therefore, patients’ perceptions of safety
may be misplaced. Problematic DS products are recalled via
voluntary post-marketing reporting, but the FDA estimates they
are notified of < 1% of adverse effects associated with DS
use.15-17 Additionally, DS can have important interactions with
prescription medications.18 Despite recommendations by both
the Joint Commission and the American Society of Health-
System Pharmacists, many health systems lack policies re-
garding DS use and monitoring.19

Documentation of DS use may be poor for several reasons
including (1) low rates of disclosure by patients,20,21 (2) time-
sensitive nature of clinical encounters,22 and (3) providers not
asking or supporting DS use.21 For example, a study of
hospitalized patients at a tertiary center found only 6% of DS
users were asked, had disclosed, and had documentation of
DS use in the electronic medical record (EMR) during their
inpatient stay.20 Another study found 49% of DS users
discussed at least 1 supplement with their provider but dis-
closed only 34% of total DS products used.21 Two studies of
hospitalized patients found that physicians inquired about DS
use roughly 20% of the time.18,20 Reasons for lack of inquiry
include short clinical encounters and the multidisciplinary
approach to reconciliation, creating confusion on role
responsibility.20-22 Poor DS documentation and patient-
provider communication impedes identification of important
medication safety issues such as SDI, DS-disease interac-
tions, adverse events, and overdosing.20,21,23 New methods
are needed to simplify and improve the process of DS
tracking and reconciliation.

A mobile health technology (mHealth) application (app)
could facilitate entry of medical information into the EMR.24

For example, bar-code scanning of DS products could reduce
the time and errors associated with manual data entry. Ad-
ditionally, a current and accurate list of DS products may
encourage patient-provider communication about supple-
ments.24 The app would be useful for organizing key DS

information, including brand name, ingredients, and rec-
ommended dose, to communicate with providers.

This qualitative study aimed to interview representative
patients via focus groups (FGs), collect and analyze their re-
sponses, and describe patients’ perceptions on the safety and
risk associatedwith DS use and their experience of DS tracking
and reconciliation, as well as their views on using an mHealth
app to collect and share DS information with their healthcare
providers. Patient input will inform the creation of an mHealth
app that will collect DS information in a way that is congruent
with patient’s needs and desires, and that will facilitate im-
proved communication about DS use with their healthcare
providers. The study takes into consideration existing mHealth
apps along with their strengths and deficiencies.

Methods

Study Design and Conceptual Model

We conducted a qualitative FG study using an applied social
anthropology approach to create a conceptual model (Figure
1).25 FGs were conducted in person or via a secure tele-
conference interface. Data collection continued until we
reached data saturation, which was defined when we heard no
new information with subsequent FGs. This study was ap-
proved by the Institutional Review Board.

Conceptual Model

Our conceptual model (Figure 1) identified key constructs that
aimed to predict a person’s intention to use our DSmHealth app.
Our model was based on the Unified Technology Acceptance
and Use of Technology (UTAUT) model, a popular model for
evaluating consumer technology usage behavior that is based on
4 key constructs: performance expectancy, effort expectancy,
social influence, and facilitating factors.26,27 We enriched the
model with health behavior theories, including the Health Belief
Model (HBM) (Perceived Threat and Benefits), the Theory of
Planned Behavior (TPB) (Social), the Technology Acceptance
Model (TAM), and key factors that emerged in the literature as
important (Autonomy and Privacy).28-30

Both commonly employed technology acceptance models,
the TAM31-33 or its extension34 and the UTAUT,26,35 are
derived from and often recombined with the Fishbein and
Ajzen’s TPB. TPB posits that behavioral intention drives the
adoption of behaviors, and is itself influenced by a person’s
attitude toward the behavior, the degree to which a person
feels that important people approve or disapprove of the
behavior, and the degree to which a person feels that they
have control over the behavior.36 We added factors derived
from other health behavior models, notably self-efficacy, and
perceived benefit, and perceived threat from the HBM,37 as
well as attitude and perceived behavioral control from the
TPB to capture potentially important drivers of DS mHealth
app use. We defined self-efficacy as the perceived ability to
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interact with technology in general. Perceived threat (sus-
ceptibility and severity) indicates the degree to which potential
users believe there are risks associated with supplement use,
such as drug-supplement interactions. Perceived benefit indi-
cates the extent to which potential users believe that com-
municating dietary supplement use to a clinician will reduce
those risks. Attitudes measure the overall perceived value of the
mHealth app to potential users. Perceived behavioral control
measures the degree to which potential users believe that they
could use the describedmHealth app (see Supplementary Table
S1 in Online Resources to view the FG guide linking the model
constructs to the questions). The conceptual model and defined
constructs can be found in Figure 1. Our model led us to the
following research questions:

(1). What are patients’ experiences with sharing DS in-
formation with their healthcare providers?

(2). What are patients’ views on the safety of DS?
(3). What factors do patients see as important in determining

whether they would use an mHealth app to record and
share DS use with their healthcare providers?

(4). What do patients perceive as the facilitators and
barriers to use of a DS app?

Population and Recruitment

We used a purposive sampling technique, aiming for indi-
viduals who are representative of our patient population.
Patient advisory group (PAG) members from multiple de-
partments of an academic medical center were recruited into 4
FGs. To improve participant diversity, additional FGs were
conducted with members of the general public within 50
miles of Chapel Hill and recruited through ResearchMatch.
org, an organization that enables people to volunteer for
studies of interest. Potential participants received an email
describing the goal of the study. All adults who responded to
the email were eligible to participate regardless of their health
status or use of DS. FGs were limited to < 7 participants per
group to enable constructive conversation. Compensation
was $25 for participants in the FG.

Data Collection

FGs were led by experienced facilitators (KF and SG) and
supported by additional study staff. Data were collected via
audio recording and supplemental notes with information
housed in a secure tracking database. Prior to the start of each

Figure 1. Conceptual model for study of attitudes and intention to use dietary supplement mHealth app. Model created on Lucid.app. Ovals
describe constructs from the Health Belief Model (HBM): Technology Self-Efficacy, Perceived Benefit, and Perceived Threat.28 Rectangles
represent original concepts from the Unified Technology Acceptance and Use of Technology (UTAUT) model: Facilitators (Technological
Support), Effort Expectancy, Performance Expectancy, Social Influence, Behavioral Intention, and Use Behavior.27,30 Pentagons represent
constructs from the Technology Acceptance Model (TAM) and Theory of Planned Behavior Model (TBM): Perceived Behavioral Control
and Attitudes About mHealth Use.30 Banners are important constructs that have emerged through investigations from other researchers:
Autonomy Concerns and Privacy Concerns.27 All the constructs lead to behavioral intention and use behavior which is the main goal of our
mHealth app development.
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FG, a consent form was read aloud, and participants were
provided with an opportunity to ask questions, confirm verbal
understanding, and provide verbal consent. Ground rules for
respectful discussion were established, and participants were
cautioned to maintain confidentiality.

The FG discussion guide included 13 questions with
follow-up prompts (see Supplementary Online Resource).
Questions included queries about the perception of DS safety
and risks, communicationwith providers, and comfort with use
of technology. After these initial discussions, a presentation of
the possible app designwas shared. Participants were invited to
comment on app features, including (1) linking to a database
dedicated to DS information, (2) bar-code scanning, (3)
capturing dose and frequency, and (4) linking to the EMR.

To protect privacy, participant names and identifiable
information were not recorded. Participants provided de-
mographic information including age, gender, race/ethnicity,
education, and personal DS use.

Data Analysis

FGs were audio recorded and transcribed verbatim. Analysis
used a postpositivist interpretive strategy. Qualitative analysis
was conducted using ATLAS.ti (Version 8, Scientific Soft-
ware Development GmbH, Berlin, Germany). Teammembers
(EP, ZK, KF, and CN) generated code groups based on model
constructs (e.g., “performance expectancy” and “effort

expectancy”). Individual codes within code groups were
driven by data from the FG discussions. Two investigators
(EP and ZK) independently coded each transcript and created
the individual codes. The investigators used an iterative code
comparison process to reduce interpretation bias. During the
final analysis, the entire team compared codes across all
transcripts, finalized the code book, and measured frequency
of codes mentioned by participants as well as the emphasis
given to each by participants in context of the conversation
(Supplementary Table S2 in Online Resources).

Researcher Characteristics

AC, GA, KF, SG, and JH are experienced integrative health re-
searchers. KF, SG, and JH are experienced in qualitative research.
No researchers had prior relationships with FG participants.

Results

Study Participants

From August 2019 to June 2020, 6 FGs (and 1 interview) were
held with a total of 24 participants (Tables 1 and 2). After 6 FGs,
we reached data saturation. Of recruited participants, 4 (2 PAG
members and 2 members of the general public) who expressed
interest in the FG failed to attend. One person was confused
about the time and missed the meeting. In most cases, however,

Table 1. Baseline Demographics and Characteristics of Focus Group Participants.

Characteristic FG participants (N = 24)

Median age (range)—yr 57 (28-77)
Gender—no. (%)

Male 8 (33)
Female 16 (67)

Race and ethnicity—no. (%)
Non-Hispanic White 14 (58)
Non-Hispanic Black, African, or African American 6 (25)
Hispanic or Latino 3 (13)
Asian 1 (4)

Highest level of education—no. (%)
Grade school, high school, or GED 0 (0)
Associate or technical degree 1 (4)
Bachelor’s degree 7 (29)
Master’s degree 9 (38)
Doctoral degree 7 (29)

Dietary supplement use—no. (%)
Yes 21 (88)
No 2 (8)
N/A 1 (4)

Patient population—no. (%)
UNC Physical Medicine and Rehabilitation PAG 3 (13)
UNC Family Medicine PAG 5 (21)
UNC Lineberger Comprehensive Cancer Center PAG 7 (29)
General public 9 (38)
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reasons for non-attendance were not given, potentially intro-
ducing bias. Of the participants who completed the FGs, 67%
were female, 57% non-Hispanic White, and 63% were PAG
members. All reported post-secondary education and 88% re-
ported DS use. We did not ask participants to disclose their
health information, but we do knowwhich PAG they came from
(see Table 1), and some members disclosed health information
during FG discussions.

Focus Group Themes

In the analysis, the following themes were related to or emerged
from our model: (1) concern about DS safety and inaccurate
documentation, (2) advantages of mHealth use, (3) attitudes to
mHealth use, and (4) behavioral intention and use behavior.

Perceived Threat: Concerns About DS Safety

Some participants expressed concern about DS quality and
safety, including wariness of DS advertisements (e.g., false or
misleading information in advertisements). They identified
the potential for SDI and highlighted the importance of
sharing DS use with their providers: “[Supplements] effect
the way [drugs] work in your body… It should be particularly
concerning if you are not sharing that with someone on your
team… It needs to get into your medication record.”

Many participants stated concern that their DS were not
properly recorded in the EMR due to difficulty entering DS
into the system, insufficient time during visits, or the per-
ceived lack of importance of these products by providers.
Participants were not always asked about their DS use, and
even when asked, they were not queried about details:

“Whenever I go to the physician’s office, they always ask me if
I’m taking the medications that are on the list, but never ask me if
I’m taking any supplements.”

“[I don’t] think anything got in there about how long you are
taking or how often.”

They also discussed doctors’ lack of training regarding DS:

“I’m very concerned that there’s nothing in doctors’ normal
training that teaches them to understand interactions or benefits
or anything having to do with supplements.”

“If [a provider] doesn’t know [DS information] I don’t think she
will have the time to look it up to see if there’s any interaction”

Perceived Benefits: Advantages to mHealth App Use

Perceived advantages of mHealth app use emerged as well.
Participants felt an app would enhance patient-provider com-
munication by enabling disclosure of DS use to providers, as
well as free up time in the clinical encounter for meaningful
discussion around DS use. They believed the app could over-
come documentation challenges by ensuring accurate input of
the DS brand, dose, and frequency, and would empower the
patient in taking control of their health. Having access to the list
on their phone, with appropriate reminders, would ensure the list
is always kept up-to-date and accurate. Participants shared:

“It will make it easy for both the patient and the healthcare
provider in that the records would be in a central place that either
one of us can get to.”

“I think that it helps the patient provide more information to [the
provider] in a more precise way and they can get to information,
exact dosage, and name of the [product].”

Another perceived advantage of the app was its capability
of providing reliable DS information for both the patient and
provider. Participants felt that the app should include readily
accessible and reliable DS information including existing
clinical data, recommended doses, and known interactions:
“Ideally internal to that app is all of the information about the
interaction effects of drugs and supplements.”

Having readily available and reliable DS information
regarding products patients are taking would inform patient
and provider conversations: “I think it would educate me and
inform my conversation with my doctor to ask if I should take
XYZ at the same time.”

Some participants recognized the lack of training about DS
in conventional medicine and hoped the app would promote
team-based care by enabling communication with providers
specialized in DS (e.g., pharmacists, dietitians, and naturo-
pathic doctors). Integration into the EMR would allow
identification of safety concerns, such as inappropriate doses
and SDI, and result in improved care:

Table 2. FG Session Characteristics.

FG # # of participants FG length, minutes Location

1 6 37 In-person in a clinic conference room
2 6 97 In-person in a clinic conference room
3 3 59 In-person in a clinic conference room
4 3 87 In-person in a clinic conference room and virtual (split)
5 3 62 Virtual
6 1 35 Virtual
7 2 45 Virtual
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“It’ll be easier for [providers] to say, ‘Okay, I see you’re taking
vitamin D, this milligram is based on whatever labs we’ve done,
[and I] want you to increase or decrease,’ it just would make it
easier for that provider to provide care in general.”

Attitudes About mHealth App Use

Autonomy Concerns. Some participants were wary of sharing
some DS, such as the use of cannabidiol products, products
that replace positive health behaviors (e.g., weight-loss
supplements to replace a healthy lifestyle), or products for
memory enhancement. Participants acknowledged they
would be hesitant to discuss DS with providers if they ex-
pected disapproval. When asked about sharing DS infor-
mation with a provider, one participant stated:

“It’s not easy because sometimes they don’t agree with you. I
have provided some to my primary care provider, however, I did
not provide all of them, because there is a hesitation always that
they don’t believe in this and they don’t believe in that”

However, some participants were interested in an app that
could improve their ability to consistently take their DS and
monitor their response: “I would like to use something like
this to keep track of what I’m taking and how often I’m
taking.” Others hoped for maximum flexibility regarding
reminders and push notifications.

Privacy Concerns. Concerns related to mHealth app use stemmed
from overall attitudes about technology. Participants expected
that the app would include standard HIPAA-compliant security
features: “If it wasn’t covered under HIPAA, I probably
wouldn’t use it.” Participants also were wary about receiving
unsolicitated advertising as a consequence of a leaked list.

With the assumption of HIPAA-compliant security fea-
tures, most participants were not worried about the privacy of
their information, particularly if no other personal health
information was in the app:

“I personally would be more concerned with people seeing my
prescribed drug list than I would with people seeing my dietary
supplement drug list.”

Technology Access and Self-Efficacy. Access to the technology
needed for the app by older or lower socioeconomic status
(SES) users was a concern:

“It’s not available then to people who are poor and live in rural
areas or people who live in public housing areas, they just don’t
have the money to buy that kind of phone, so cost is a barrier.”

Additionally, they were concerned about the technology self-
efficacy for people who would not be able to navigate the app on
their own: “I’mnot so sure it would be easy for an elderly or aging
person who is not already electronically savvy to understand and

to be consistent with [using the app].” For these users, point-of-
care bar-code scanning in the provider’s office was suggested.

Facilitators (Technological Support). A few felt technical facil-
itators or tech support would be necessary to help users navigate
the app, while most felt it was not necessary: “It should be easy to
begin with, [users] shouldn’t have to go to tech support.”

Behavioral Intention and Use Behavior: Factors to
Influence mHealth App Use

Effort Expectancy and Performance Expectancy. Participants
who regularly took DS stated they would be likely to use the
app, whereas those who did not take DS regularly were less
inclined. Participants expressed higher likelihood of utilizing
the app if it possessed key features and functionality to meet
their individual needs. Almost all the participants desired the
app to connect with the EMR, to be accessible to both
themselves and providers: “I would be likely to use it if I
knew it would tie into the existing system that my doctor
uses.”

Social Influence. When asked about the impact of support for
the app from their doctor, participants stated they would use
the app regardless of support from their provider if they
perceived benefit from the app: “I would use it either way and
wouldn’t try to push it on the doctor but would hope he shows
some sort of interest.”

Discussion

In general, participant responses within the FGs were con-
sistent with model-based expectations—we found that re-
sponses leading to codes easily fit into the code groups
defined by the constructs. The most common constructs, as
determined through frequency in coding and language uti-
lized by participants, were effort expectancy, self-efficacy,
performance expectancy, and perceived benefit. Participants
desired an app that was easy to use with a user-friendly
interface. They were more likely to report they would use the
app if their baseline technology self-efficacy was high (i.e.,
they had confidence in their ability to navigate the tech-
nology) and if they perceived greater personal potential
benefit from using the app (i.e., DS users were more likely to
use it than non-users).

Participants desired an app to contain features such as a
drug-DS interaction checker, access to reliable DS infor-
mation, and connection to the EMR, while maintaining their
health autonomy (i.e., allowing them to decide on what they
share with the provider). They desired the ability to tailor the
app experience to their personal needs (e.g., keep track of
their DS list and send reminders to take DS).

Constructs that did not hold as much weight in partici-
pants’ intention to utilize the app included privacy and social
influence. Participants acknowledged the high prevalence of
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health information housed electronically and expressed no
concern using the app if it contained standard HIPAA-
compliant privacy measures. Although participants pre-
ferred support from their provider for using the app, they
stated that they would continue to use it if they perceived
health benefits.

Although, to our knowledge, this is the first study to examine
the potential willingness of participants to use a DS mHealth
product, other studies have evaluated acceptance of mHealth
technology. In a study testing a mock-up of a COPD
mHealth app, similar to our study, participants valued flexi-
bility in the use of the product with additional feature choices.38

Also, similarly, participants felt that the app would enhance
communication with their providers.38 Most of the other
studies, also using qualitative methods, focused on the needs of
older adults in the use of a variety of product types including
medication adherence apps,39 mental health support apps,40

and general technology acceptance.41 In aggregate, participants
in these studies indicated a preference for apps that were simple
to use, easy to learn, and secure.

We believe our proposed app is different than others on the
market. Through an extensive market analysis in partnership
with UNC-Chapel Hill’s Office of Technology Commer-
cialization, our team identified 5 mHealth apps that competed
with our proposed app in our 4 key features (bar-code
scanning, comprehensive DS database, DS list generation,
or EMR interface): Amlia, Medisafe, MangoHealth, Care-
Zone, and Dosecast. However, of these 5, none of them
contained all of our proposed features. Therefore, our app fills
the need of providing all of these desired features and
functionalities to users in one streamlined app.

Limitations

The primary study limitation was the study sample (sample
size, diversity, and age). We were limited in our capacity to
recruit and speak to a fully diverse population, since we were
limited geographically to central North Carolina. Most of our
study sample included PAG members, which are “expert
patients” that are self-selected to support the healthcare
system, and ResearchMatch volunteers, which attracts gen-
eral public members who are interested in research and may
not represent typical users of the app. We did not identify
participants’ health statuses and the ways in which their
health status may have influenced their responses or decision
to participate in the study is unknown. Our study population
predominantly included a higher level of education, and we
did not speak with many less educated or elderly participants.
Since DS use is higher among those of higher SES status,42

and higher SES is likely correlated with higher education, it
can be inferred that our study results are not fully repre-
sentative. Additionally, persons with the latter demographic
characteristics are at higher risk for having low technology
access and self-efficacy and potentially complex medication
regimens, and their opinions should be captured. We did not

have a significantly diverse racial participant population in
our study. As it has been suggested that Asian Americans can
possibly have higher DS use than other racial/ethnic groups,43

it is important to speak to as diverse racial groups as possible.
It is possible we would have identified additional themes with
a more varied population (i.e., our belief that we had reached
saturation may have been false since a more diverse pop-
ulation could have introduced varied ideas not mentioned by
our current population), and our results may not be gener-
alizable to these populations. However, PAG members en-
sured advocacy for these participants and their potential
views, and we attempted to address this deficiency in our
sampling by inviting participation by diverse members of the
general public. PAG members specifically brought our at-
tention to the needs of those with lower technology self-
efficacy. Additionally, our study’s sample size had twice as
many women than men. Since women tend to have higher DS
use than men,44 it can be inferred that our results are skewed
more positively and supportive of our proposed mHealth app.
However, including more women can potentially capture
more of our intended mHealth app users.

An additional limitation of FG studies can include par-
ticipants’ hesitation to discuss sensitive topics, such as extent
or type of DS use (e.g., cannabis products and memory
enhancement). Participants may also be influenced by other
participants’ responses. However, since our participants were
representing patients other than themselves, they were not
hesitant to bring up and discuss sensitive issues. Potential
disclosure hesitation by participants was considered during
our analysis.

Although we attempted to conduct our FGs with relatively
equal participation, FG #6 and #7 were conducted virtually
with just 1 and 2 people, respectively. To remedy this low
turn-out, the moderator included talking points from previous
FG participants to stimulate a conversation that may have
occurred with more participants. Despite low numbers, the
FGs lasted a comparable amount of time to the other FGs,
indicating thorough and thoughtful discussion with the
moderator and new ideas were presented by these individuals.
Reasons for the low recruitment number can be attributed in
part to COVID-19.

Another study limitation was conducting the last FGs via
teleconferencing due to COVID-19. Having online FGs,
rather than in person, has the potential to limit the natural flow
of conversation. However, the FGs conducted over Zoom did
not seem to limit conversation amongst participants com-
pared to our other FGs.

A final limitation of implementing our proposed mHealth
app into the health system is potentially needing physician or
administrative approval and reducing DS stigma to encourage
patients and providers to use the app together. This would
require long-term systemic change, such as increasing phy-
sician DS training and team-based care. This limitation is
further explored in our congruent study interviewing
healthcare providers.

Post et al. 7



Conclusions

An app to simplify and improve DS entry and reconciliation was
of interest to patients if it maintained health autonomy and
privacy and possessed key valuable features. We found that
patients were more likely to be interested in using an mHealth
app containing the following elements: (1) HIPAA-compliance;
(2) ease of use for a variety of technical self-efficacy levels;
(3) access to reliable DS information, including a DS-drug
interaction checker; and (4) integration within the EMR.
Current apps do not contain all 4 elements that we heard
were important from end users. We believe that if the app
meets the above criteria, patients will use it to track and
communicate their DS use with their providers for enhanced
DS reconciliation.

Because patients may be uncomfortable with their own
use of certain DS products (e.g., for weight loss or memory),
and may perceive physicians are not trained in DS, future
research is needed to address the impact of these factors
regarding implementation of the DS app. Increasing access
to clinicians who are trained in DS (e.g., pharmacists, di-
eticians, and naturopathic doctors) may be important to
implementing the app. The current study explored patient
attitudes, experiences, and beliefs around DS tracking and
reconciliation and their likelihood of adopting an mHealth
app to track and communicate DS use with their providers.
Future implementation of a DS mHealth app would further
require support, adoption, and integration from providers.
To that end, our study team also interviewed providers to
understand their attitudes, experiences, and beliefs about DS
tracking and reconciliation, and our proposed app: findings
from our companion study will serve as a complement to the
current work, with the larger goal of integrating both patient
and provider perspectives in the investigation of this im-
portant gap in patient care.

Acknowledgments

The authors would also like to thank Kelly Eason, administrative
coordinator of the UNC Program on Integrative Medicine, for her
role in transcribing the focus group interviews.

Author Contributions

Elana Post: lead author, data collection, data management, tran-
scription, coding, and analysis.
Keturah Faurot: study design, participant recruitment, data collec-
tion, data management, coding, and analysis.
Zachary Kadro: data collection, data management, transcription,
coding, and analysis.
Jacob Hill: data management and analysis.
Catharine Nguyen: data management, coding, and analysis.
Gary N. Asher: study design, participant recruitment, and data
management.
Susan Gaylord: data collection, FG discussion leader, and data
management.

Amanda Corbett: corresponding author, study design, data collec-
tion, and data management

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This study
was supported through # 2KR1151904, NC Translational and
Clinical Sciences Center (NCATS). We acknowledge the data
management assistance of the NC Translational and Clinical Sci-
ences (NC TraCS) Institute, which is supported by the National
Center for Advancing Translational Sciences (NCATS), National
Institutes of Health (NIH), through Grant Award Number
UL1TR002489. Dr Kadro is also supported by the NIH National
Center for Complementary and Integrative Health (NCCIH) Re-
search Fellowship in Complementary and Integrative Healthcare,
(T32-AT003378).

Ethical Approval

The study received approval from the University of North Carolina
Institutional Review Board (IRB#18-2099).

Consent to Participate

All participants provided verbal consent.

Consent for Publication

Participants were aware that summary findings would be published.

Availability of Data and Material

De-identified transcripts may be made available with an appropriate
data use agreement.

Code Availability

A code book is attached in the Online Resources (Supplementary
Table S2).

ORCID iDs

Zachary Kadro  https://orcid.org/0000-0003-3894-9804
Amanda Corbett  https://orcid.org/0000-0002-5271-5433

Supplemental Material

Supplemental material for this article is available online.

References

1. Council for Responsible Nutrition. Dietary Supplement Use
Reaches All Time High. Council for Responsible Nutrition;
2019. https://www.crnusa.org/newsroom/dietary-supplement-
use-reaches-all-time-high. Accessed January 6, 2021.

8 Global Advances in Health and Medicine

https://journals.sagepub.com/doi/suppl/10.1177/21649561221075268
https://journals.sagepub.com/doi/suppl/10.1177/21649561221075268
https://orcid.org/0000-0003-3894-9804
https://orcid.org/0000-0003-3894-9804
https://orcid.org/0000-0002-5271-5433
https://orcid.org/0000-0002-5271-5433
https://www.crnusa.org/newsroom/dietary-supplement-use-reaches-all-time-high
https://www.crnusa.org/newsroom/dietary-supplement-use-reaches-all-time-high


2. National Center for Health Statistics. NHANES 2017-2018 Di-
etary DataNational Health and Nutrition Examination Survey;
2020. https://wwwn.cdc.gov/nchs/nhanes/search/datapage.aspx?
Component=Dietary&CycleBeginYear=2017. Accessed January
6, 2021.

3. Rashrash M, Schommer JC, Brown LM. Prevalence and pre-
dictors of herbal medicine use among adults in the United
States. J Patient Exp. 2017;4(3):108-113. doi:10.1177/
2374373517706612.

4. Du M, Luo H, Blumberg JB, et al. Dietary supplement use
among adult cancer survivors in the United States. J Nutr. 2020;
150(6):1499-1508. doi:10.1093/jn/nxaa040.

5. Greenlee H, Neugut AI, Falci L, et al. Association between
complementary and alternative medicine use and breast cancer
chemotherapy initiation the breast cancer quality of care
(BQUAL) study. JAMA Oncol. 2016;2(9):1170-1176. doi:10.
1001/jamaoncol.2016.0685.

6. Inoue-Choi M, Greenlee H, Oppeneer SJ, Robien K. The as-
sociation between postdiagnosis dietary supplement use and
total mortality differs by diet quality among older female cancer
survivors. Cancer Epidemiol Biomarkers Prev. 2014;23(5):
865-875. doi:10.1158/1055-9965.EPI-13-1303.

7. Falci L, Shi Z, Greenlee H. Multiple chronic conditions and use
of complementary and alternative medicine among US adults:
Results from the 2012 national health interview survey. Prev
Chronic Dis. 2016;13:150501. doi:10.5888/pcd13.150501.

8. Mbizo J, Okafor A, Sutton MA, Leyva B, Stone LM, Olaku O.
Complementary and alternative medicine use among persons
with multiple chronic conditions: Results from the 2012 Na-
tional Health Interview Survey 11 Medical and Health Sciences
1117 Public Health and Health Services. BMC Complement
Altern Med. 2018;18(1):281. doi:10.1186/s12906-018-2342-2.

9. Farina EK, Austin KG, Lieberman HR. Concomitant dietary
supplement and prescription medication use is prevalent among
US adults with doctor-informed medical conditions. J Acad
Nutr Diet. 2014;114(11):1784-1790. e2. doi:10.1016/j.jand.
2014.01.016.

10. Qato DM, Wilder J, Schumm LP, Gillet V, Alexander GC.
Changes in prescription and over-the-counter medication and
dietary supplement use among older adults in the United States,
2005 vs 2011. JAMA Intern Med. 2016;176(4):473-482. doi:10.
1001/jamainternmed.2015.8581.

11. Asher GN, Corbett AH, Hawke RL. Common herbal dietary
supplement-drug interactions. Am Fam Physician. 2017;96(2):
101-107.

12. Izzo AA. Interactions between herbs and conventional drugs:
Overview of the clinical data. Med Princ Pract. 2012;21(5):
404-428. doi:10.1159/000334488.

13. Kennedy DA, Seely D. Clinically based evidence of drug–herb
interactions: A systematic review. Expert Opin Drug Saf. 2009;
9(1):79-124. doi:10.1517/14740330903405593.

14. Guzman JR, Paterniti DA, Liu Y, Tarn DM. Factors related to
disclosure and nondisclosure of dietary supplements in primary
care, integrative medicine, and naturopathic medicine. J FamMed
Dis Prev. 2019;5(4):109. doi:10.23937/2469-5793/1510109.

15. Geller AI, Shehab N, Weidle NJ, et al. Emergency department
visits for adverse events related to dietary supplements. N Engl J
Med. 2015;373(16):1531-1540. doi:10.1056/NEJMsa1504267.

16. Pawar RS, Grundel E. Overview of regulation of dietary sup-
plements in the USA and issues of adulteration with phene-
thylamines (PEAs). Drug Test Anal. 2017;9(3):500-517. doi:10.
1002/dta.1980.

17. Woo JJY. Adverse event monitoring and multivitamin-
multimineral dietary supplements. Am J Clin Nutr. 2007;
85(1):323S-324S. doi:10.1093/ajcn/85.1.323S.

18. Young LA, Faurot KR, Gaylord SA. Use of and communication
about dietary supplements among hospitalized patients. J Gen
Intern Med. 2009;24(3):366-369. doi:10.1007/s11606-008-
0890-8.

19. Ventola CL.Current issues regarding complementary and alternative
medicine (CAM) in theUnited States - Part 1: Thewidespread use of
CAM and the need for better-informed health care professionals to
provide patient counseling. P T. 2010;35(8):461-468. https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC2935644/

20. Gardiner P, Sadikova E, Filippelli AC, White LF, Jack BW.
Medical reconciliation of dietary supplements: Don’t ask, don’t
tell. Patient Educ Couns. 2015;98(4):512-517. doi:10.1016/j.
pec.2014.12.010.

21. Tarn DM, Karlamangla A, Coulter ID, et al. A cross-sectional
study of provider and patient characteristics associated with
outpatient disclosures of dietary supplement use. Patient
Educ Couns. 2015;98(7):830-836. doi:10.1016/j.pec.2015.
03.020.

22. Greenwald JL, Halasyamani L, Greene J, et al. Making in-
patient medication reconciliation patient centered, clinically
relevant and implementable: A consensus statement on key
principles and necessary first steps. J Hosp Med. 2010;5(8):
477-485. doi:10.1002/jhm.849.

23. Monte AA, Anderson P, Hoppe JA, Weinshilboum RM, Va-
siliou V, Heard KJ. Accuracy of electronic medical record
medication reconciliation in emergency department patients. J
Emerg Med. 2015;49(1):78-84. doi:10.1016/j.jemermed.2014.
12.052.

24. Marcolino MS, Oliveira JAQ, D’Agostino M, Ribeiro AL,
Alkmim MBM, Novillo-Ortiz D. The impact of mHealth in-
terventions: Systematic review of systematic reviews. J Med
Internet Res. 2018;20(1):e23. doi:10.2196/mhealth.8873.

25. Miles MB, Huberman AM. Qualitative Data Analysis: An
Expanded Sourcebook. 2nd ed. Thousand Oaks, CA: Sage
Publications, Inc.; 1994.

26. Venkatesh V, Morris MG, Davis GB, Davis FD. User ac-
ceptance of information technology: Toward a unified view.
MIS Q Manag Inf Syst. 2003;27(3):425-478. doi:10.2307/
30036540.

27. Magsamen-Conrad K, Dillon JM, Billotte Verhoff C, Joa CY.
Toward a theory of healthIT adoption across the lifespan:
Findings from five years in the community. Health Commun.
2020;35(3):308-321. doi:10.1080/10410236.2018.1563027.

28. Ahadzadeh AS, Pahlevan Sharif S, Ong FS, Khong KW. In-
tegrating health belief model and technology acceptance model:

Post et al. 9

https://wwwn.cdc.gov/nchs/nhanes/search/datapage.aspx?Component=Dietary&CycleBeginYear=2017
https://wwwn.cdc.gov/nchs/nhanes/search/datapage.aspx?Component=Dietary&CycleBeginYear=2017
https://doi.org/10.1177/2374373517706612
https://doi.org/10.1177/2374373517706612
https://doi.org/10.1093/jn/nxaa040
https://doi.org/10.1001/jamaoncol.2016.0685
https://doi.org/10.1001/jamaoncol.2016.0685
https://doi.org/10.1158/1055-9965.EPI-13-1303
https://doi.org/10.5888/pcd13.150501
https://doi.org/10.1186/s12906-018-2342-2
https://doi.org/10.1016/j.jand.2014.01.016
https://doi.org/10.1016/j.jand.2014.01.016
https://doi.org/10.1001/jamainternmed.2015.8581
https://doi.org/10.1001/jamainternmed.2015.8581
https://doi.org/10.1159/000334488
https://doi.org/10.1517/14740330903405593
https://doi.org/10.23937/2469-5793/1510109
https://doi.org/10.1056/NEJMsa1504267
https://doi.org/10.1002/dta.1980
https://doi.org/10.1002/dta.1980
https://doi.org/10.1093/ajcn/85.1.323S
https://doi.org/10.1007/s11606-008-0890-8
https://doi.org/10.1007/s11606-008-0890-8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2935644/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2935644/
https://doi.org/10.1016/j.pec.2014.12.010
https://doi.org/10.1016/j.pec.2014.12.010
https://doi.org/10.1016/j.pec.2015.03.020
https://doi.org/10.1016/j.pec.2015.03.020
https://doi.org/10.1002/jhm.849
https://doi.org/10.1016/j.jemermed.2014.12.052
https://doi.org/10.1016/j.jemermed.2014.12.052
https://doi.org/10.2196/mhealth.8873
https://doi.org/10.2307/30036540
https://doi.org/10.2307/30036540
https://doi.org/10.1080/10410236.2018.1563027


An investigation of health-related Internet use. J Med Internet
Res. 2015;17(2):e45. doi:10.2196/jmir.3564.

29. Kan MPH, Fabrigar LR. Theory of planned behavior. In:
Zeigler-Hill V, Shackelford T, eds Encylopedia of Personality
and Individual Differences. Cham: Springer; 2017. doi:10.
1007/978-3-319-28099-8_1191-1.

30. Lai P. The literature review of technology adoption models and
theories for the novelty technology. J Inf Syst Technol Manag.
2017;14(1):21-38. doi:10.4301/s1807-17752017000100002.

31. Davis FD, Bagozzi RP, Warshaw PR. Extrinsic and Intrinsic
Motivation to Use Computers in the Workplace. J Appl Soc
Psychol. 1992;22(14):1111-1132. doi:10.1111/j.1559-1816.
1992.tb00945.x.

32. Bagozzi RP. The legacy of the technology acceptance model
and a proposal for a paradigm shift. J Assoc Inf Syst. 2007;8(4):
244-254. doi:10.17705/1jais.00122.

33. Ketikidis P, Dimitrovski T, Lazuras L, Bath PA. Acceptance of
health information technology in health professionals: an application
of the revised technology acceptance model. Health Informatics J.
2012;18(2):124-134. doi:10.1177/1460458211435425.

34. Kim J, Park HA. Development of a health information tech-
nology acceptance model using consumers’ health behavior
intention. J Med Internet Res. 2012;14(5):e2143. doi:10.2196/
jmir.2143.

35. Venkatesh V, Thong JYL, Xu X. Consumer acceptance and use
of information technology: Extending the unified theory of
acceptance and use of technology.MIS QManag Inf Syst. 2012;
36(1):157-178. doi:10.2307/41410412.

36. Ajzen I. The theory of planned behavior. Organ Behav Hum Decis
Process. 1991;50(2):179-211. doi:10.1016/0749-5978(91)90020-T.

37. Jones CL, Jensen JD, Scherr CL, Brown NR, Christy K,
Weaver J. The health belief model as an explanatory framework

in communication research: exploring parallel, serial, and
moderated mediation. Health Commun. 2015;30(6):566-576.
doi:10.1080/10410236.2013.873363.

38. Knox L, Gemine R, Rees S, et al. Using the Technology
Acceptance Model to conceptualise experiences of the usability
and acceptability of a self-management app (COPD.Pal®) for
Chronic Obstructive Pulmonary Disease. Health Technol.
2021;11(1):111-117. doi:10.1007/s12553-020-00494-7.

39. Faisal S, Ivo J, McDougall A, Patel T. Stakeholder feedback of
electronic medication adherence products: Qualitative analysis.
J Med Internet Res. 2020;22(12):e18074. doi:10.2196/18074.

40. Connolly SL, Miller CJ, Koenig CJ, et al. Veterans’ attitudes
toward smartphone app use for mental health care: Qualitative
study of rurality and age differences. JMIR mHealth uHealth.
2018;6(8):e10748. doi:10.2196/10748.

41. Mitzner TL, Boron JB, Fausset CB, et al. Older adults talk
technology: Technology usage and attitudes. Comput Hu-
man Behav. 2010;26(6):1710-1721. doi:10.1016/j.chb.2010.
06.020.

42. Cowan AE, Jun S, Gahche JJ, et al. Dietary supplement use
differs by socioeconomic and health-related characteristics
among U.S. adults, NHANES 2011–2014. Nutrients. 2018;
10(8):1114. doi:10.3390/nu10081114.

43. Archer SL, Stamler J, Moag-Stahlberg A, et al. Association of
dietary supplement use with specific micronutrient intakes
among middle-aged american men and women: The INTER-
MAP study. J Am Diet Assoc. 2005;105(7):1106-1114. doi:10.
1016/j.jada.2005.04.010.

44. Mishra S, Stierman B, Gahche JJ, Potischman N. Dietary
Supplement Use Among Adults: United States, 2017–2018.
NCHS Data Brief, No 399. Hyattsville, MD: National Center
for Health Statistics; 2021. 10.15620/cdc:101131.

10 Global Advances in Health and Medicine

https://doi.org/10.2196/jmir.3564
https://doi.org/10.1007/978-3-319-28099-8_1191-1
https://doi.org/10.1007/978-3-319-28099-8_1191-1
https://doi.org/10.4301/s1807-17752017000100002
https://doi.org/10.1111/j.1559-1816.1992.tb00945.x
https://doi.org/10.1111/j.1559-1816.1992.tb00945.x
https://doi.org/10.17705/1jais.00122
https://doi.org/10.1177/1460458211435425
https://doi.org/10.2196/jmir.2143
https://doi.org/10.2196/jmir.2143
https://doi.org/10.2307/41410412
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.1080/10410236.2013.873363
https://doi.org/10.1007/s12553-020-00494-7
https://doi.org/10.2196/18074
https://doi.org/10.2196/10748
https://doi.org/10.1016/j.chb.2010.06.020
https://doi.org/10.1016/j.chb.2010.06.020
https://doi.org/10.3390/nu10081114
https://doi.org/10.1016/j.jada.2005.04.010
https://doi.org/10.1016/j.jada.2005.04.010
https://doi.org/10.15620/cdc:101131

	Patient Perspectives on the Development of a Novel Mobile Health (mHealth) Application for Dietary Supplement Tracking and  ...
	Introduction
	Methods
	Study Design and Conceptual Model
	Conceptual Model
	Population and Recruitment
	Data Collection
	Data Analysis
	Researcher Characteristics

	Results
	Study Participants
	Focus Group Themes
	Perceived Threat: Concerns About DS Safety
	Perceived Benefits: Advantages to mHealth App Use
	Attitudes About mHealth App Use
	Autonomy Concerns
	Privacy Concerns
	Technology Access and Self-Efficacy
	Facilitators (Technological Support)

	Behavioral Intention and Use Behavior: Factors to Influence mHealth App Use
	Effort Expectancy and Performance Expectancy
	Social Influence


	Discussion
	Limitations

	Conclusions
	Acknowledgments
	Author Contributions
	Declaration of Conflicting Interests
	Funding
	Ethical Approval
	Consent to Participate
	Consent for Publication
	Availability of Data and Material
	Code Availability
	ORCID iDs
	Supplemental Material
	References


