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Improving the Quality of Life of Patients
with an Underactive Thyroid Through mHealth:
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Abstract
Background: Three hundred fifty million people worldwide suffer from underactive thyroid conditions, which
can lead to infertility, obesity, heart disease, and impaired mental health when poorly managed. Although mobile
health (mHealth) applications can be a useful solution for self-managing one’s condition, the impact of digital
solutions for improving the health of thyroid patients remains unknown.
Methods: We used a mixed methods analysis to assess the ways in which a digital approach might benefit thy-
roid patients. A cross-sectional study was conducted among users of BOOST Thyroid, an mHealth application for
patients with an underactive thyroid. We collected data using a modified Short Form 36 Health Survey Question-
naire to measure the impact of in the app on participants’ perceived health and quality of life. Participants were
asked to (1) score their quality of life before and after using the app, and (2) describe whether and how using the
app helped them.
Results: We enrolled 406 users (380 females and 26 males), aged 18–78 years. Most participants (95.8%) reported
using the app was helpful; of which 68% reported it improved their quality of life and 70.8% reported it had a
positive impact on their health. Participants who found the app useful experienced less symptoms and a lower
intensity of remaining symptoms. A key factor reported by these participants as helping with managing their
health is the information provided in the app.
Conclusions: The results support the idea that a patient-centered treatment would benefit from including
mHealth tools for a daily self-management of underactive thyroid condition, as it can increase health literacy
and improve both one’s health status and quality of life.

Keywords: disease self-management; female health; mHealth; patient empowerment; mixed methods; quality
of life

Introduction
An underactive thyroid is the most common endocrine
disorder worldwide affecting an estimated 350 million
people,1–4 predominantly females.5 Patients with an
underactive thyroid need continuous care, as poor
health management leads to several health complica-
tions, including obesity, depressive spectrum disorders,
and increased risk of female infertility.2,4,6–12

Yet, thyroid conditions are notoriously hard to man-
age. First, symptoms are diverse in their intensity and
duration.13 Consequently, universally prescribed
L-thyroxine monotherapy does not have the desired ef-
fects in up to 15% of patients, a cause for much annoy-
ance and discomfort as well as a broken patient–doctor
relationship.14 Second, there are gender differences in
accessibility to health information and health services,
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which, given thyroid conditions predominantly affect
females, negatively impact thyroid health manage-
ment.15,16 Given this, a new patient-centered approach
using mobile health (mHealth) technologies might be
promising for delivering a more personalized care to
thyroid health. Yet, to date, it is unknown whether
the use of mHealth can help address barriers to effec-
tive thyroid health management.

The prevailing ‘‘one size fits all’’ approach to thyroid
health leads to poor thyroid health management at the
individual level. The underlying issues are (1) uniform
treatments: the treatment choices in thyroid patients
rely on generalized guidelines17–21; (2) limited patients’
understanding of thyroid condition: because of a lack of
accessible evidence-based resources on thyroid health,
patients are often unsure if the symptoms they experi-
ence relate to their thyroid condition19; (3) lack of fre-
quent medical follow-ups based on patients’ needs: once
patients have been diagnosed and their medication
dose established, follow-up checkups are, on average,
only once a year.

This frequency is independent of individual patient’s
symptoms and changes to their health with thyroid
stimulating hormone (TSH) values often used as a
sole indicator of the thyroid status and well-being19,22

The exception to this approach is in the case of preg-
nancy, when more regular checkups and therapy ad-
justments protocols are followed.19–21 These issues
have led medical health care professionals, patients,
and researchers alike, to call for a patient-centered ap-
proach to the treatment of thyroid conditions consider-
ing the unique experiences and needs of individuals.19,23

Such an approach requires taking one’s symptoms,
lifestyle, overall well-being, additional comorbidities,
and life stage into consideration when making medical
decisions.

To overcome the barriers to adequate thyroid health
management at an individual level, mHealth technol-
ogy offers a promising avenue. To date, mHealth has
proven beneficial for managing chronic health condi-
tions, including diabetes,20,24–27 chronic lung dis-
ease,27–29 cardiovascular disease,20 chronic disease,27

and mental health disorders.30,31 However, its potential
for managing thyroid health remains unknown al-
though there are various reasons why mHealth tools
can benefit thyroid patients.

Firstly, mHealth is accessible to a large population
and it has been suggested that using a digital solution
can help patients understand their symptoms, negoti-
ate medical encounters, and provide practical support

between medical appointments to maintain good
health.32 Secondly, mHealth solutions can assist public
health goals when acting as a companion to therapy
that can be utilized by a large population of pa-
tients.27,30,33–35 Thirdly by providing information and
answers to triaged patient questions, mHealth tools
can help reduce the cost of health care by saving phy-
sicians’ time.27,30,36–38 Finally, mHealth is of interest to
researchers because it enables collecting real-time and
granular symptom data across a large population for
extensive periods of time.34 Such novel data are critical
to increasing knowledge on under-researched health
conditions, particularly to advance the agenda on fe-
male health.39 Although gender plays an increasingly
well-recognized role in creating and implementing
health policies, especially for the treatment of chronic
conditions,40,41 sex-specific data on chronic health con-
ditions are often missing42–45 and, therefore, not taken
in account by policy makers.

This study aims to investigate the ways in which an
mHealth approach benefits thyroid patients. To do this,
we conducted a cross-sectional study among users of
the BOOST Thyroid app. First, we used an adapted ver-
sion of the Short Form 36 Health Survey Question-
naire, a standard for assessing health: physical
functioning, role physical, bodily pain, general health,
vitality, social functioning, role emotional, and mental
health to quantify whether, how and the extent to
which information, symptom logging, and analytics
features provided in the app were associated with an in-
crease in (1) perceived health, (2) perceived quality of
life, and (3) positive interactions between patients
and health care professionals.46,47 Second, to capture
the voices of participants, an open-ended question
was included to collect qualitative data on the experi-
ences of using the app for managing thyroid condition.

The survey was distributed to users through the app
and was run for 3 months. In addition, we analyzed de-
identified data on users’ symptoms throughout the first
3 months of the app usage, to get a long-term insight
on symptom improvement through app usage. Finally,
we compared TSH and body mass index (BMI) levels
between the users of the app and the means reported
in the literature to avoid introducing bias from differ-
ences in TSH and BMI. We found that using the app
is helpful to the majority of users. Among users who
find the app useful, information came out as the most
important feature to improve one’s health and quality
of life. The study has implications for understanding
how mHealth can help manage thyroid conditions.

Högqvist Tabor, et al.; Women’s Health Report 2021, 2.1
http://online.liebertpub.com/doi/10.1089/whr.2021.0010

183



Methods
Study design, population, and recruitment
We recruited users of the BOOST Thyroid app, 1 of the
10 thyroid health tracking apps available in the Apple
Store for iPhones. The BOOST Thyroid app was
launched in 2017 globally, with an intended use for
health management of patients with an underactive
thyroid. The app provides (1) logging of symptoms
on a 5-point intensity scale, medication adherence,
and laboratory tests; (2) information on symptoms,
medication, supplements, and on different aspects of
thyroid condition; (3) analytics of symptoms in the
past 7–365 days; (4) algorithm calculating the basal
metabolic rate of each individual; (5) PDF report on
symptoms. The app has at least one software update
a month, and is available in English, German, and
Spanish (Supplementary Fig. S1). The BOOST Thyroid
app versions used during the time of the survey were
20.3.1.–20.6.1. The app underwent a total of two up-
dates, with the addition of logging of thyroidectomy di-
agnosis and new articles (on COVID-19 pandemics,
thyroidectomy, and weight management) to the data-
base of 80 already existing articles. The users of the
app are 86.7% females and 13.3% males, with age
range from 18 to 65+ years (Supplementary Table S2
and Supplementary Fig. S2A, B).

The study received approval from the Ethics Com-
mittee of University of Oxford, SAME_C1A_20_001.
The survey was distributed to all users through the
BOOST Thyroid app home screen (the first screen
users come to when opening the app, Supplementary
Fig. S1A). Participants had used the app between 7
days and 2 years before taking part in the survey. Sur-
vey responses were collected from March 2020 to July
2020, a period set a priori. Users agreed to (1) general
terms of service before they start using the app, agree-
ing for their anonymized data to be used in research;
(2) participate in the survey and were informed on
how to withdraw their data. No personally identifiable
data were collected for this study. The data were stored
on a secure server and kept separate from any personal
identifiers in accordance with the EU General Data
Protection Regulation.31

Data
Participants were first asked whether the mHealth solu-
tion has helped them ‘‘in general.’’ Only participants
who indicated that the app is useful continued to par-
ticipate in the survey to draw upon the positive experi-
ences of mHealth solutions for underactive thyroid. To

assess how the app is helpful to users, we included bi-
nary, single-choice, and multiple-choice questions
(Q1–8, Supplementary Table S1). To capture partici-
pants’ experiences in context, the survey also included
the free-text question ‘‘Can you tell us 3 ways the
BOOST Thyroid app has influenced your health?’’ To
evaluate users’ quality of life before and after using
the app, we used a modified version of the Short
Form 36 Health Survey Questionnaire.46,47 We in-
cluded specific and appropriate questions relating to
the health and the quality of life of individuals with
an underactive thyroid, reflecting the most common
symptoms and the most common day-to-day life prob-
lems based on the scientific literature (Refs.21,22,44,48

and Supplementary Table S1). Some questions are
measured on a 5-point Likert scale; others are mea-
sured on a binary scale or allow for multiple answers
(Supplementary Table S1). The resulting questionnaire
resulted in a maximum of 19 questions, asked depend-
ing on users’ answers. Finally, data on symptoms, age,
BMI, and TSH values previously entered in the app by
users were paired with survey data.

In addition, we analyzed anonymized data of five (5)
most tracked symptoms from 115 users at day 0 (first
day of the app usage) and day 90 of app usage. These
five symptoms correspond to additional questions
present in ThyPro� questionnaire, specific for all the
thyroid conditions (Ref.49 and Supplementary Fig. S3).

Statistical analysis
Raw data were analyzed and drawn using PrismGraph
software. Categorical variables were summarized as
counts and percentage, whereas numerical variables
were summarized as mean and SD (or median and
IQR). We first compared participants with the larger
pool of anonymized app users with regard to age,
BMI, and TSH levels. Second, to compare participants’
self-reported quality of life before and after using the
app, two-sided chi square tests for comparing propor-
tions of categorical variables and nominal symmetry
tests for paired data were performed using the R soft-
ware and the package ‘‘rcompanion.’’50,51

Analysis of qualitative data
The qualitative data were analyzed using NVivo12.52

Participants’ quotes were reviewed and tagged with
‘‘codes’’ to extract themes from the data independently
by two members of the research team trained in qual-
itative analysis. As more data were reviewed, codes
were grouped into concepts and a concept map was
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drawn to depict relationships between concepts and
themes. Multiple readings were conducted and alterna-
tive explanations of the data explored to develop a ro-
bust interpretation of the findings.

Results
Description of participants
A total of 406 users participated in the survey (380
women and 26 men, response rate = 77.1%). Partici-
pants of this cross-sectional study are broadly repre-
sentative of the BOOST Thyroid users’ population in
terms of age, age at diagnosis, TSH values, and BMI
(Supplementary Fig. S2 and Supplementary Table S2).
Survey respondents are mainly females (93%), with
age distribution peaking between ages 25 and 54
years, a pattern similar to the majority of app users
and to the distribution within the global patient popu-
lation (female to male ratio 10:1 and diagnosed be-
tween their 30s and 50s5 and Supplementary
Fig. S2A, B and Supplementary Table S2). TSH values
also do not vary significantly between the app users and
survey respondents. Although participants were in a
range of 0.6–4.2 mIU/L, a range less broad than that
of other users of the app, the difference is not statisti-
cally significant, all the values are within the reference
ranges applied in the clinical practice worldwide (Sup-
plementary Fig. S2D and Supplementary Table S2 and
Ref.53). Finally, BMI was ranging between 27 and
31 kg/m2 for the general the population of app users
(mean 27.6 kg/m2) and between 26 and 30 kg/m2 for
the survey respondents (mean 26.3 kg/m2) (Supple-
mentary Fig. S2D and Supplementary Table S2).

Quantitative findings
Out of the participants who answered, 95.8% indicated
that using the mHealth solution has helped them ‘‘in
general.’’ Out of the 4.2% of participants who reported
that the app was not helpful, 52.4% responded that they
already knew the information shown in the app. Only
participants who have indicated that the app is useful
continued to participate in the survey.

Increasing health literacy through information on
thyroid health helps patients understanding their
symptoms. App users indicated different parts of
the app were of help to them, with, 62% of the survey
participants indicated that information within the
app helped them understand their symptoms better
(Fig. 1C). The main sources of information participants
reported to be beneficial were informational text pro-

vided in every tracking category (helpful for 64.1% of
participants), information contained in longer articles
(62.6%), information on symptom analytics (46.1%),
short information after symptom logging (45.8%),
and information provided on the laboratory test log-
ging screen (36.2%) (Fig. 1A and Supplementary
Fig. S1B). Out of those, the most useful information
concerns symptoms (31%) and lifestyle (diet and exer-
cise) (22.6%) (Fig. 1B).

Using mHealth improves patient–doctor
interaction. Next, in the population of patients who
reported to have benefited from using the app (95.8%
of survey respondents), we evaluated whether using a
digital health tool can improve patient–doctor interac-
tions. We found that doctor visits did change in fre-
quency and duration after starting using the app for
30.8% of respondents, while 48.4% of respondents
did not visit a doctor since they started using the
app. The survey was partly conducted during
COVID-19 restrictions, which might have impacted
the possibility of visiting doctors. For 20.8% of partici-
pants, doctor visits frequency and duration did not
change since they started using the app (Fig. 2A). For
people reporting changes, visits were shorter for
58.3% and less frequent for 88.9% of respondents
(Fig. 2B, C).

Using mHealth specifically improves patients’
perceived health and quality of life. We found that
70.8% of participants who found it helpful to use an
mHealth solution (95.4%) reported that using the app
has had a direct positive impact on their health—
18.1% had fewer symptoms and 42.3% had less intense
symptoms (Fig. 3A).

We assessed on a 5-point Likert intensity scale
(great, good, ok, not so good, and bad) how partici-
pants felt before and after using the app. Before using
the app, 49.8% felt ‘‘bad’’ or ‘‘not so good,’’ 34.5% felt
‘‘ok,’’ and 16.2% felt ‘‘good’’ or ‘‘great.’’ After using
the app, 8.2% of respondents still felt ‘‘bad’’ or ‘‘not
so good,’’ 37% of respondents felt ‘‘ok’’ and 54.8% felt
‘‘good’’ or ‘‘great’’ (Fig. 4A). Thus, people reported feel-
ing better after using the app (nominal symmetry test,
p < 0.001). Difficulties with managing life and work de-
creased nearly threefold from 64.8% to 22% of respon-
dents after using the app (Fig. 4B, nominal symmetry
test, p < 0.001). The ability to easily complete tasks
was increased twofold: 36.6% before using the app vs.
80.6% after (Fig. 4C, nominal symmetry test, p < 0.001).
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The feelings most frequently reported by the partic-
ipants before using the app were being tired, frustrated,
and easily stressed. After using the app, the feelings
most frequently reported were content, relaxed, and
tired (Fig. 4D and Supplementary Table S3).

Qualitative findings
Drawing on participant’s own words, multiple features
of the app contributed to help managing their health,
including the research driven and easily accessible in-
formation provided, the ability to track symptoms,
medications and other aspects of daily life, as well as re-
minders (Supplementary Tables S4 and S5). First, using

the app led to increased awareness, which in turn led to
better medical tests and more appropriate medication
regime. Participants reported that using the app en-
abled them to recognize trends and patterns in well-
being as well as notice when symptoms were getting
better or worse. One participant wrote that using the
app gave them ‘‘more awareness of my own body and
proof that issues such as symptoms are not just in my
head.’’ Second, using the app led to better care of the
self, healthier decisions, and improved mental health.
Indeed, users described feelings of loneliness and
‘‘being crazy’’ before using the app, issues that were
then mitigated after using the app, which provided

FIG. 1. Information benefit provided through BOOST Thyroid app. (A) Useful types of information. (B) The
most useful type of information. (C) Exact benefit of the information.
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them with validation, reassurance, and control. Third,
users reported that tracking symptoms enabled them
to share experiences of health and well-being for longer
periods of time with their general practitioners and en-
docrinologists, thereby enriching health care interac-

tions. For instance, participants reported that that
they could better organize their laboratory results by
making use of the app, so they could see changes for
the long time and share this information during their
medical visits. Using the app made the doctor’s visits

FIG. 2. Changes in health care practitioners visit patterns after using the BOOST Thyroid app. (A) Assessment
of change in the visitation patterns before and after using the app. (B) Changes in the duration of individual
visits to health care practitioners. (C) Changes in the frequency of visits to health care practitioners.

FIG. 3. Benefit of the BOOST Thyroid app to everyday life of the app user. (A) Assessment of six main
benefits of the BOOST Thyroid app.
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of some participants ‘‘more focused,’’ leading to ‘‘better
conversations and follow-up questions with my doctors.’’
Finally, users reported that using the app led them to
make better lifestyle decisions and that they felt
empowered to take additional steps to improve their
health condition outside of medication alone, such as
changing sleep patterns, diet, or exercise regimes. Over-
all, participant responses suggested that using the app
can lead to a perception of increased empowerment
and feeling of control, improved health care manage-
ment, and better health (Fig. 5).

Discussion
This article set out to investigate whether and how
mHealth can improve the health and quality of life of
patients with an underactive thyroid. Recent data sug-
gest that not all patients with an underactive thyroid
should be treated in the same way and a patient-
centered treatment approach is needed.19,22,27,30,33–35

Indeed, thyroid patients experience a plethora of differ-
ent symptoms with varying intensities, reducing their
quality of life and work capabilities in various ways.48

To deliver personalized patient-centered care, which
is hard to accomplish, an mHealth approach that
leans on Big Data and Deep Learning might offer a
promising avenue as it can provide specific insights
for each patient.54–56 By analyzing responses from
users of the BOOST Thyroid app, which indicated
they found using an mHealth solution beneficial, we
found that using a digital tool specifically helps these
patients to (1) reduce symptom severity and the num-
ber of symptoms experienced, (2) improve day-to-day
functioning and ease of daily tasks completion; (3) in-
crease the feeling of being happier/more accomplished,
(4) reduce the number of sick days, (5) improve
patient–doctor conversation. The findings reveal a
largely untapped potential for mHealth tools to be
used for a more individualized approach to managing
an underactive thyroid.

According to the majority (95.8%) of participants,
using the BOOST Thyroid app had a positive impact
on their quality of life and for 67.8% of survey partici-
pants, the app had a direct positive effect on their
health. In our sample comprising respondents who
downloaded the app and found using the app to be
beneficial, individuals reported an increase in their
overall well-being and their ease of completing every-
day tasks, which suggests that patients can improve
day-to-day functioning and work capacity by using
digital health. This is specifically valuable considering

that the decrease in productivity caused by chronic
health problems, such as thyroid dysfunction, puts a
major burden on the workforce and the economy.57

Second, we found that using digital health improved
patient–doctor interactions. This is important as the
burden of managing chronic conditions reported by
health care professional is currently exceeding their
time capacities.58 Participants indicated that detailed
symptom data were useful to share with medical prac-
titioners, as some users reported that it led them to
have better medical outcomes. A more efficient doctor
visit through a concise presentation of symptoms and
specific questions of interest, with no information
loss, can save time and lead to improved shared
decision-making. Third, for some participants, using
the app led to better care of themselves, encouraging
lifestyle changes that aid in the management of thyroid
health. Information from the scientific literature en-
abled users to better understand and discover symp-
toms. Together with the possibility of self-tracking,
users said they (1) have a ‘‘better understanding of re-
sults,’’ ‘‘better understanding of my symptoms,’’ ‘‘more
awareness of my own body’’; (2) are ‘‘able to see trends
arise from all the data collected, which better enabled
me to get the correct medication dose’’; and (3) ‘‘feel bet-
ter informed,’’ ‘‘have better conversations and follow-up
questions with my doctors,’’ and ‘‘improved my mental
health.’’ In turn, improved health care management,
combined with the feeling of being ‘‘validated,’’ that
is, that one’s experience is being understood and ac-
cepted by others, led users to feel empowered to self-
manage their health.

Limitations
As a cross-sectional study of current users of a digital
health app, this study has several limitations. First,
real life studies are designed to assess the effectiveness
of an intervention in normal everyday life circum-
stances. Results of such studies have the potential to
be applied to a larger population, with a limitation of
mHealth approach introducing a bias toward the pop-
ulation ready to use mHealth apps to manage their
conditions. We are particularly aware that some patient
groups, especially older adults, may face challenges
when it comes to adopting new technologies. Indeed,
one in three of internet users >65 years report that
they have little to no confidence in their ability to use
electronic devices to perform online tasks,59 which
may be a barrier to adopting a digital approach toward
greater patient-centered care in thyroid health. To
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allow for a digitalized approach, mHealth needs to be
adjusted to accommodate for the older audience, and
pay attention to age, gender, disability, and cultural ac-
cessibility: starting with enabling people with visibility
impairment to hear voiceovers or have larger fonts, and
ensuring quick support and manuals, where people can
be helped with the app setup. These services are already
covered by most health apps, including the BOOST
Thyroid app. Future software iterations of mHealth
should focus on inclusivity with a specific focus on pro-
viding users with the skills and competencies to fruit-
fully engage in a digital approach as well. It should be
noted however that in 2020 there were 3.6 billion
smartphone users worldwide, and 69% of smartphone
users reported using health apps, this massive adoption
to smartphone distributed health, combined with big
advancements in technology will lead to mHealth be-
coming a dominant approach to managing own health
in the years to come.60

Another limitation of this study is that it relies on the
accuracy of self-reported data, and there is a limited
way to control the accuracy of answers. In addition,
this study did not exclude individuals with other
comorbidities that might impact perceptions of health
and well-being. Furthermore, the experiences of health
care professionals in interacting with patients using
mHealth were not captured in this study, limiting the
measured effect on the patient–doctor interaction to
the perception of patients only. Yet, data from a previ-
ous market research done by the BOOST Thyroid app
(not shown here) indicates that health care profession-
als find coherent symptom presentation provided by
the mHealth solution useful for their interaction with
patients and the shared decision-making process.
Finally, in this study, we have not included additional
biomarkers of thyroid function beyond TSH, which (al-
though globally accepted as the first indicator of an un-
deractive thyroid) is not usually sufficient to fully
determine thyroid status.17

It could be argued that health education alone,
rather than health education through the app, is
what drives our results. Indeed, the improvement ob-
served in the participant cohort of current users of the
app, who indicated the mHealth solution to be help-
ful, may be a result of the type of information
shown to people and the medium through which the
information was disseminated, which allowed for
more personalized approach. Although answering
this question would require a randomized controlled
trial, there are various reasons why augmenting health

education with an app might prove useful. For in-
stance, through displaying appropriate articles of in-
terest and in-depth analytics and interpretation of
symptoms, this type of information may offer more
salience for patients interested in charting and under-
standing their symptoms, when compared with the
traditional approach of leaflet distribution as an edu-
cational intervention. Additional advantages of
mHealth compared with leaflet distribution may be
that (1) apps can be distributed to millions of people
globally in a short period of time; (2) they can be
quickly updated to respond to the changing patient
needs (as with the SARS-CoV-2 pandemic), (3) they
can provide a digital vault for all the patients informa-
tion, which can be easily shared with their physicians,
(4) they provide opportunity for interactions between
patients and health professionals in times when access
to health care is restricted, such as during the COVID-
19 lockdown. A randomized controlled trial involving
newly diagnosed hypothyroid patients should ideally
be run, comparing the mHealth approach with other
educational interventions catered for patients with
an underactive thyroid.

Finally, for the purpose of this study we opted to use a
modified version of SF-36, a general quality of life ques-
tionnaire used worldwide, as a first step of assessing the
benefit of using an mHealth solution to the quality of life
of thyroid patients who indicated that they found the
digital health app useful. Although there are other
more specific thyroid questionnaire forms, such as Thy-
Pro,49 which would have been a more appropriate choice
if we would have tested the entire spectrum of thyroid
diseases, as we focused on hypothyroidism only, we
would have had to exclude certain parts of the question-
naire by default. Second, ThyPro is specifically adjusted
for use in different countries, making it more challeng-
ing for a global rollout to the audience of a digital app
with users in >70 countries worldwide. Instead, for a
majority of the questions shown in ThyPro question-
naire relevant to hypothyroid conditions, we have a
counterpart from the tracking data, including (1) Have
you been sensitive to cold? (2) Have you felt energetic?
(3) Have you had difficulties remembering? (4) Have
you had slow or unclear thinking? (5) Have you felt
afraid or anxious? (Supplementary Fig. S3).

More than four-fifths of the world’s population has
access to a mobile phone with increasingly powerful
technical capacities, making mHealth a potentially de-
sirable and global solution to help with the self-
management of chronic conditions.61 Yet there remain
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some barriers to applying mHealth more fully, includ-
ing doctor’s resistance,62,63 high data entry burden for
patients, and potential loss of interest in the long
term.64 The lack of access to affordable internet in
some localities might cause reduced availability of
mHealth tools and free health information.65,66 Fur-
thermore, some might argue that the quality of the
information when designing and building mHealth so-
lutions is not always appropriate, and scientifically ac-
curate. However, the data protection regulations and
laws spanning the EU, United States, Canada, and Bra-
zil give a lot of power back to users of these technolo-
gies in terms of data ownership, including the
opportunity to decide whether one wants to remove
their data from databases and the rights to know
about the process and purpose of digital
tools.31,46,67,68 More importantly, some ethical and so-
cietal concerns have been raised, including the issue of
disempowerment through increased control of others
(social media followers and health promoters), the dis-
integration of state responsibility for health, and an ex-
cessive trust in lives represented only through
numbers.69,70 However, we found that rather than hav-
ing disempowering effects,69 self-tracking can also
bring patients with thyroid chronic conditions
‘‘hope,’’ and some users indicated that ‘‘it is reassuring
and empowering to know there are some things in my
control.’’ mHealth may, therefore, represent a valuable
step toward a patient-centered treatment approach
for thyroid health. It can do so by (1) improving the
health literacy of thyroid patients through accurate
and accessible information, (2) offering support with
navigating the complexities of the medical system,
and (3) providing users with features for tracing a per-
sonal path toward their own health and well-being.

Although health care professionals can benefit from
a facilitated diagnosis and disease management pro-
cess,18,19,22 patients using mHealth can more easily part-
ner with their physician to make shared decisions about
their health. mHealth solutions such as the BOOST Thy-
roid app can also provide de-identified data sets and
contribute to the advancement of research on thyroid
physiology for a longer period of time in large samples
of patients. In this way, an mHealth approach can be
helpful even for people who opt out of using it: the re-
sults of this research may benefit the understanding
and diagnosis of thyroid disease for all members of soci-
ety and will help both patients and physicians alike to
jointly search for the most appropriate combination of
medical treatment and lifestyle interventions.

Conclusion: looking toward the future
of gender equality in health
Our study among users of an mHealth app for patients
with thyroid chronic conditions, which sought to draw
upon the positive experiences of thyroid patients in
using mHealth, found that a digitalized approach
may potentially (1) contribute to revolutionizing and
speeding up medical research on thyroid conditions,
(2) help creating and implementing successful self-
management strategies for chronic conditions, and
(3) save time for health care practitioners. Using
mHealth, three major problems of today’s management
of chronic conditions can be improved: adherence to
therapy—a major problem in the current treatment
of chronic conditions, speed and accuracy of diagnos-
tics, and patient empowerment.71,72 Digital tools,
with their ability to quickly implement patient and doc-
tor feedback in their product, may offer a novel more
patient-centered solution for the care of chronic health
problems.72,73 There remains a need for better and
faster communication between health care practition-
ers and the digital tech world, for more research and
tech world collaboration, and also, parenthetically, for
more patients working in the tech industry to move
this patient-centered agenda forward.
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39. Keestra S, Högqvist Tabor V, Alvergne A. Reinterpreting patterns of vari-
ation in human thyroid function: An evolutionary perspective. Evol Med
Public Health 2020:93–112. DOI: 10.1093/emph/eoaa043.

40. Vlassoff C. Gender differences in determinants and consequences of
health and illness. J Health Popul Nutr 2007;25:47–61.

41. Vlassoff C, Garcia Moreno C. Placing gender at the centre of health
programming: Challenges and limitations. Soc Sci Med 2002;54:1713–
1723.

42. Holdcroft A. Gender bias in research: How does it affect evidence based
medicine? J R Soc Med 2007;100:2–3.

43. Chen F, Su W, Becker SH, et al. Clinical and economic impact of a digital,
remotely-delivered intensive behavioral counseling program on Medi-
care beneficiaries at risk for diabetes and cardiovascular disease. PLoS
One 2016;11:e0163627.

44. Bonita R, Beaglehole R. Women and NCDs: Overcoming the neglect. Glob
Health Action 2014;7:23742.

45. Regitz-Zagrosek V. Sex and gender differences in health. Science &
Society Series on Sex and Science. EMBO Rep 2012;13:596–603.

46. Burholt V, Nash P. Short Form 36 (SF-36) Health Survey Questionnaire:
Normative data for Wales. J Public Health (Oxf) 2011;33:587–603.

47. Ware JE, Jr., Sherbourne CD. The MOS 36-item short-form health survey
(SF-36). I. Conceptual framework and item selection. Med Care 1992;30:
473–483.

48. Bianchi GP, Zaccheroni V, Solaroli E, et al. Health-related quality of life in
patients with thyroid disorders. Qual Life Res 2004;13:45–54.

49. Watt T, Hegedus L, Groenvold M, et al. Validity and reliability of the novel
thyroid-specific quality of life questionnaire, ThyPRO. Eur J Endocrinol
2010;162:161–167.

50. R Core Team. R: A language and environment for statistical computing.
Vienna, Austria: R Foundation for Statistical Computing, 2020.
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