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ABSTRACT
Introduction: Patients obtain a large amount of medical information online. Much of this
information may not be reliable or of high quality. We investigated what influences the dis-
cussion of asthma on Twitter by evaluating the most popular tweets and the quality of the
links shared.
Methods: We used Symplur Signals to extract data from Twitter examining characteristics of
the top 100 most shared tweets and the 50 most shared links that included the hashtag
#asthma. Information on each site was assessed using an Asthma Content score, and vali-
dated DISCERN scores and HONCode criteria.
Results: The top 100 asthma-related tweets were shared 10,169 times and had 16,044 likes.
Healthcare organizations posted 49 of the top 100 tweets, non-healthcare individuals posted
20, non-healthcare organizations posted 16 and clinicians posted 14. Of the top 100 tweets,
62 were educational, 11 research-related, 10 political and 15 promotional. The top 50 links
were shared 6009 times (median number of shares 92 per link (range 60-710)). Links most
commonly (42%) led to educational content while 24% of links led to research articles, 22%
to promotional websites, and 12% to political websites. Educational links had higher
Asthma Content scores than other links (p< 0.005). Overall, all three scores were low for all
types of links. Only 34% of sites met HONCode criteria, and 14% were assessed as high
quality by DISCERN score.
Conclusion: The top tweets using the hashtag #asthma were commonly educational. The
majority of top links on Twitter scored poorly on asthma content, quality, and reliability.
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Introduction

Social media use is widespread in the US, with 72% of
the US population using at least one social media site
and up to three quarters of users engaging with social
media platforms daily (1). Social media usage is even
higher in the younger generations, with 90% of
Americans aged 18 to 29 years using social media (2).
Interestingly, the continued year-on-year growth in
social media use can be attributed to increasing usage
in those aged older than 65 years (2).

Patients are increasingly turning to social media for
medical information. More than half of users report
having looked at social media for information regard-
ing their health in the preceding year, and growing
numbers of people are turning to these platforms for
information about medical treatments and conditions,

recommendations for specialists or institutions, emo-
tional support, peer advice, and coping with health
situations (3–10).

These burgeoning interactions have created oppor-
tunities for various healthcare stakeholders to engage
online. Clinicians and researchers use social media for
a variety of reasons such as educating and learning
from each other and the patient community at large,
advocating for healthcare issues, and conducting
research studies (4,11–18). Similarly, healthcare organ-
izations utilize social media to provide educational
material, increase awareness, and provide resources to
both patients and clinicians (19–24).

However, there is increasing concern about the ver-
acity of information being shared online. While this
exponential growth in communications is encouraging, a
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number of studies demonstrate poor or inadequate qual-
ity of health information available online (25–30). In
order to better understand these conversations, we
explored what characteristics drive the conversation sur-
rounding asthma on social media using the popular
microblogging platform, Twitter, and to examine the
quality of the most commonly shared links.

Materials and methods

We used Symplur Signals (Symplur, LLC), an online
analytic tool, to extract data from Twitter. First, we
identified the 100 most retweeted tweets containing
the hashtag #asthma in the year 2018. The sample size
of 100 tweets was arbitrarily decided on prior to start-
ing the study to balance achievability and conveni-
ence. We examined the characteristics of these tweets
including whether the tweet contained an embedded
image or GIF, embedded links, or other hashtags,
whether it mentioned other users, and the time and
date of each tweet.

We compared tweets by the type of tweet, and by
the characteristics of the user tweeting. Tweets were
classified into one of four category types: educational,
research-oriented, political, or promotional. We classi-
fied users into five different stakeholder groups: indi-
viduals, clinicians, industry, healthcare organizations
(HCOs), and non-healthcare organizations (NHCOs).

Symplur generates 19 different categories of stake-
holders using proprietary machine-learning models and
algorithms as well as manual human evaluation and qual-
ity control (31). We aggregated these categories into five
stakeholder groups. We defined Individuals as user
accounts classified by Symplur as “caregiver/advocate,”
“patient,” or “individual non-health.” We defined
Clinicians as user accounts classified as “healthcare
provider,” “doctor,” “individual other health,” or
“researcher.” Industry was defined as user accounts classi-
fied as “organization pharma” or “organization med
device.” We defined HCOs to be user accounts classified
as “organization advocate/support,” “organization other
healthcare,” “organization provider,” or “organization
research/academic.” NHCOs were defined as user
accounts classified as “non-healthcare organizations.” We
excluded the tweets of users identified by Symplur Signals
as spam accounts as well as the non-English tweets.

Tweets that were copied and posted multiple times
did not count as retweets. Two authors (VK & TSz) col-
lected the data independently and the differences were
discussed with a third author (CC) who reconciled any
differences. Differences arose from subjective opinion on

categorization of the tweet for 15 of 100 tweets (15%)
and link characteristics in 12 of 76 links (16%).

We then used Symplur Signals to collect data on
the top 50 links mentioned in tweets containing the
hashtag #asthma in the year 2018. Two authors (VK
& TSz) independently evaluated each link. For each
link, a Health on the Net Code (HONCode) rating, a
DISCERN Score, an Asthma Content Score, and an
Overall Rating were assigned. In cases of discrepancy
in the Overall Rating, a third author (CC) reconciled
the scores independently. Numerical scores were aver-
aged unless they were divergent by a significant
amount. In those instances, discrepancies were
resolved by discussion between CC, TSz and VK.

Health on the Net (HON) is an independent organ-
ization that provides guidance on how to assess
whether websites provide understandable, accessible,
and trustworthy health information (32). Adherence
to HONCode principles was evaluated for each video
by two authors (VK & TSz), with a score of 1 for
adherence and 0 for non-adherence for each of the 8
principles (Supplemental Table S4). This approach
was modeled on a methodology used in other studies
to assess written, auditory, and visual information
provided online (27,28). Possible scores ranged from
0-8 and according to HONCode, scores of 6-8 reflect
high quality.

We used the DISCERN instrument, an assessment
tool that allows for reproducible results, to assess
the quality of written patient information (33)
(Supplemental Table S5). The DISCERN instrument has
previously been used to assess the quality of information
available on the Internet (25,27). DISCERN provides
three categories of information: Reliability, Quality, and
Overall Rating. Within each section, questions are scored
from 1, indicating serious shortcomings in satisfying
that information category the link, to 5, indicating min-
imal to no shortcomings in satisfying that category. The
Reliability section has a possible range of scores from 8-
40, Quality has a possible range from 7-35, and Overall
has a possible range of 1-5. Sites with Overall scores of
4-5 were rated as having a high DISCERN score, while
those with Overall scores of 1-2 were rated as having a
low DISCERN score.

We developed the Asthma Content Score to quantify
the amount of asthma content in tweets. An adult pul-
monologist (JP), a pediatric asthma specialist (CLC), and
an allergist (DS) on our research team (JP, CLC, DS)
created this score using NHLBI recommendations to
determine the core asthma content. Content Criteria
Scores have been used by other investigators to quantify
the amount of disease-specific information in online
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content (25,26). As per the structure of other Content
Criteria Scores, content items were grouped within 6
content areas: definition, symptoms, risk factors, evalu-
ation, management, and outcomes (Supplemental Table
S6). Each link was assigned a content score for each of
the areas, with a score of 0 indicating an item not
addressed in the link, a score of 0.5 indicating an item
incompletely addressed, and a score of 1 for an item
clearly described in the link. Total possible scores ranged
from 0-17. An Asthma Content Score of < 5 (of 17)
was defined as a cutoff for low amount of asthma-
related content. This score went through several itera-
tions and revisions by this team, but it has not
been validated.

An Overall Rating was assigned by the reviewers
according to their overall professional assessment of that
link. Links were rated as either “relevant”, “misleading/
biased” or “irrelevant”. A rating of “relevant” was given
to articles that had information that would be potentially
be useful to patients and that could be recommended to
patients. These links provided education that could help
a patient better understand their asthma. A rating
“misleading/biased” had significant amounts of informa-
tion that was factually incorrect or promoted therapies
or treatments that were not evidence based. A rating of
“irrelevant” was given to links that did not contain
information relevant to patient education.

Statistics were performed and data were analyzed
using JMP statistical software (version 10.0.1; SAS
Institute Inc., Cary, NC, USA) in collaboration with con-
sultation from the Office of Research at the Connecticut
Children’s Medical Center. Data are reported as frequen-
cies (%) or as median with 25-75% interquartile range
given the non-normal data distribution. Non-parametric

comparative statistics were performed using chi-square
and Wilcoxon rank sum tests. To assess correlation
between variables, non-parametric Shearman rho test
was used. A p values less than 0.05 was considered stat-
istically significant. This study was reviewed by the
Connecticut Children’s Institutional Review Board and
considered exempt.

Results

Top tweets

The 100 most commonly retweeted tweets were collect-
ively shared 10 169 times and collectively received 16 044
likes. The median number of retweets in this cohort of
top 100 retweets was 86 (range 59-396 retweets), and
the median number of likes was 91 (range 10-842 likes).
Of the top 100 tweets, 49 were from HCOs (92% of
which were verified), 14 were from Clinicians (86% of
whom were doctors), 20 were from Individuals, 16 were
from NHCOs, and 1 was from Industry (Supplemental
Table S1).

Several users had more than 5 tweets in the Top
100. Asthma UK (@asthmaUK), a healthcare organiza-
tion that provides education and resources on Asthma,
contributed 32 out of the 100 top tweets while Dr.
David Stukus (@AllergyKidsDoc), a pediatric allergy and
asthma specialist, contributed 6. Victoria Browthworth
(@VABVOX), an investigative journalist, and the World
Health Organization (@WHO) contributed 5 each.

When looking at the content of the top 100 most
retweeted tweets, 62 were educational, 11 were
research-oriented, 10 were political, 15 were promo-
tional, and 2 tweets were personal in nature (Table 1).

Table 1. Characteristics of Top 100 Tweets Using the hashtag #asthma by Category of Tweet (data presented as frequency, or
median with 25–75% IQR).
Variable Gen Ed Tweet (n¼ 62) Research Ed Tweet (n¼ 11) Political Tweet (n¼ 10) Promotional Tweet (n¼ 15)

Stakeholders Tweeting
Organization Non-Health 11% (n¼ 7/62) 45% (n¼ 5/11) 0% (n¼ 0/10) 27% (n¼ 4/15)
Clinician 13% (n¼ 8/62) 27% (n¼ 3/11) 10% (n¼ 1/10) 13% (n¼ 2/15)
Health Care Organization 68% (n¼ 42/62) 9% (n¼ 1/11) 10% (n¼ 1/10) 33% (n¼ 5/15)
Individual 8% (n¼ 5/62) 18% (n¼ 2/11) 80% (n¼ 8/10) 20% (n¼ 3/15)
Industry 0% (n¼ 0/62) 0% (n¼ 0/11) 0% (n¼ 0/10) 7% (n¼ 1/15)

Tweet Characteristics
Tweet Contains Image? 65% (n¼ 40/62) 45% (n¼ 5/11) 20% (n¼ 2/10) 67% (n¼ 10/15)
Users Tagged in Image? 15% (n¼ 6/40) 0% (n¼ 0/5) 0% (n¼ 0/2) 10% (n¼ 1/10)
Tweet Contains GIF/Video? 23% (n¼ 14/62) 9% (n¼ 1/11) 20% (n¼ 2/10) 7% (n¼ 1/150)
Contains Other Hashtags? 79% (n¼ 49/62) 55% (n¼ 6/11) 90% (n¼ 9/10) 100% (n¼ 15/15)
Median number of hashtags 1 (1-4) 2 (1-9) 2 (1-5) 2 (1-10)
Tweet Contains Mentions 11% (n¼ 7/62) 55% (n¼ 6/11) 90% (n¼ 9/10) 100% (n¼ 15/15)
Median number of mentions 1 (1-1) 3 (1-5) 1 (1-2) 1 (1-3)
Tweet Contains Link? 79% (n¼ 49/62) 100% (n¼ 11/11) 50% (n¼ 5/10) 40% (n¼ 6/15)
Link Contains Video? 41% (n¼ 20/49) 9% (n¼ 1/11) 20% (n¼ 1/5) 0% (n¼ 0/6)
Type of Link?
Gen Education Link 94% (n¼ 46/49) 0% (n¼ 0/11) 0% (n¼ 0/5) 17% (n¼ 1/6)
Research Ed Link 2% (n¼ 1/49) 100% (n¼ 11/11) 20% (n¼ 1/5) 0% (n¼ 0/6)
Political Link 0% (n¼ 0/49) 0% (n¼ 0/11) 60% (n¼ 3/5) 0% (n¼ 0/6)
Promotional Link 4% (n¼ 2/49) 0% (n¼ 0/11) 20% (n¼ 1/5) 83% (n¼ 5/6)
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Most of the educational tweets came from HCOs, and
86% of the tweets of HCOs were educational.
Educational & promotional tweets commonly included
images (65% & 67%), educational/research-based
tweets frequently included links (79% & 100%) and
promotional & political tweets regularly mentioned
other users (90% & 100%). All types of tweets fre-
quently included other hashtags. Political tweets were
most commonly posted by non-healthcare individuals.

When analyzing the top tweets for their character-
istics, 15 were part of a thread, 58 contained an
image, 19 contained a GIF/Video, 81 contained other
hashtags (median 2 other hashtags with range 1-12),
and 22 mentioned other users (median 2 mentions
with range 1-5). Links to external websites were
included in 71 tweets, of which 66% (n¼ 47/71) were
educational, 18% (13/71) research-oriented, 4% (3/71)
political, and 11% (8/71) promotional content.

May was the most active month (2,864 retweets)
while December was the least active (198 retweets).

Within the week, Tuesday was the most active day
(3,486 retweets) while Thursday was the least active
(733 retweets). In the span of a day, mornings (ET)
were the most active time (4,421 retweets) while eve-
nings were the least active (573 retweets) (Figure 1).

Top links

The 50 most shared links tweeted with the hashtag
#asthma were collectively shared 6009 times (median
number of shares 92, range 60–710 shares) (Table 2).
The most common type of links led to educational
content (n¼ 21, 42%) and were shared 3111 times,
followed by research-oriented links (n¼ 12, 24%)
shared 606 times, promotional links (n¼ 11, 22%)
shared 1073 times, and political links (n¼ 6, 12%)
shared 1219 times (Table 2). In terms of the type of
website the links led to, 40% (n¼ 20) were websites of
health care organizations, 38% (n¼ 19) were websites

Figure 1. Time trends of the number of retweets for the top 100 tweets containing #asthma in 2018.

Table 2. Qualities of Top 50 Links Related to #asthma in 2018 by Type of Link. (data presented as frequency, or median with
25–75% IQR).
Variable Gen Educational (n¼ 21) Research Article (n¼ 12) Promotional (n¼ 11) Political (n¼ 6)

Host of Site
Healthcare Organization 81% (n¼ 17/21) 0% (n¼ 0/12) 9% (n¼ 1/11) 33% (n¼ 2/6)
News Media 10% (n¼ 2/21) 100% (n¼ 12/12) 18% (n¼ 2/11) 50% (n¼ 3/6)
Other Org/Business 5% (n¼ 1/21) 0% (n¼ 0/12) 64% (n¼ 7/11) 17% (n¼ 1/6)
Industry 5% (n¼ 1/21) 0% (n¼ 0/12) 9% (n¼ 1/11) 0% (n¼ 0/6)

Provides Relevant Info 76% (n¼ 16/21) 58% (n¼ 7/12) 27% (n¼ 3/11) 17% (n¼ 1/6)
Asthma Content Score 7 (2-11) 3 (2-8) 2 (0-4) 1 (0-3)
High Asthma Content Score (>5) 57% (n¼ 12/21) 25% (n¼ 3/12) 18% (n¼ 2/11) 17% (n¼ 1/6)

HONCode Score 6 (4-6) 7 (5-7) 3 (2-4) 4 (2-6)
High HONCode Score 38% (n¼ 8/21) 58% (n¼ 7/12) 0% (n¼ 0/11) 33% (n¼ 2/6)

DISCERN Score
Reliability 30 (25-34) 28 (25-33) 21 (17-23) 21 (16-28)
Quality 13 (9-18) 11 (7-21) 9 (7-12) 7 (7-10)
Overall 3 (2-4) 2 (1-4) 2 (1-2) 1 (1-2)
High Overall DISCERN 28% (n¼ 6/21) 8% (n¼ 1/12) 0% (n¼ 0/11) 0% (n¼ 0/6)
Low Overall DISCERN 33% (n¼ 7/21) 50% (n¼ 6/12) 82% (n¼ 9/11) 83% (n¼ 5/6)
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of news media, 18% (n¼ 9) were business organiza-
tion websites, and 4% (n¼ 2) were industry websites.

Only 54% (n¼ 27) of the links were likely to pro-
vide patients with relevant information about asthma
as assessed by overall rating. Additionally, the median
Asthma Content Score for these 50 links was 3 (25-
75% IQR 1-8) out of a possible 17. Using a cutoff of
<5, a majority of the links (64%; n¼ 32) contained
low amounts of asthma content.

According to HONCode recommendations, a score
of 6–8 suggests a high quality of information on the
website. Of the 27 links where HONCode Scores were
calculated, 44% (n¼ 12) scored highly with a median
HONCode score of 5.5 (25-75% IQR 4.5-6.5)
(Supplemental Table S2).

The median DISCERN score in the aspect of
Reliability (possible range 8–40) was 26 (25-75% IQR 21-
32) and the aspect of Quality (possible range 7–35) was
11 (25-75% IQR 7-16). The Overall DISCERN score for
the links (possible range 1–5) demonstrated a median of
2 (25–75% IQR 1-3.5) (Supplemental Table S3).

General education links had higher Asthma Content
scores than other links (P< 0.005), although overall the
scores were low for all types of links (median 7 (25–75%
IQR 2-11) vs median 3 (25–75% IQR 0-4)). Research
article links had the highest HONCode scores (median 7
(IQR 5-7) vs median 5 (IQR 3-6); P¼ 0.01) and were
more likely to be highly shared by Clinicians (OR 14;
95% CI 2.6-75.2) compared to other stakeholder groups.
Promotional article links had lowest HONCode Score
(median 3 (IQR 2-4) vs median 6 (IQR 4-7);
P¼ 0.0004). There was a strong correlation between
DISCERN, HONCode & Asthma Content Scores (Table
3, Supplemental Figure 1).

Discussion

Asthma is commonly discussed on Twitter by clini-
cians, non-medical individuals, and organizations. In
this review, we found that the top tweets using the
hashtag #asthma were commonly educational and
included images, hashtags, and educational links.
However, when we examined the top links shared
using the hashtag #asthma, we found that most scored
poorly in terms of asthma content, quality, and reli-
ability. Higher quality links more frequently contained
general educational information and were mostly
shared by healthcare organizations and clinicians. A
better understanding of what drives these conversa-
tions might provide educators with strategies to
improve dissemination of accurate and reliable
asthma content.

In addition to the low quantity of asthma-related
content on the links most popularly tweeted with the
hashtag #asthma, more than a few of these links con-
tained false information as well as recommendations
for untested and potentially dangerous therapies.
These links to promotional and pseudo-educational
sites promise self-labeled “alternative” or “natural”
therapies that can “cure” what “traditional” medicine
cannot. For example, one of the evaluated links is to
an article entitled “6 Natural Asthma Relief Options
(That Don’t Require An Inhaler)” (34). This article
advises readers that chiropractic care offers symptom
relief by allowing lungs, amongst other organs, to
“work properly” by realignment of the spine and that
“modern scientific studies” support the claim of symp-
tom improvement with chiropractic care. These sites
commonly contain links to other similar themed web-
sites. In our review, we found that these links were

Table 3. Qualities of Top 50 Links Related to #asthma in 2018 by Quality of Link According to the Asthma Content Score. (data
presented as frequency, or median with 25–75% IQR).
Variable High Asthma Content Score (n¼ 18) Low Asthma Content Score (n¼ 32) p-value (OR)

Type of Link
General Education 67% (n¼ 12/18) 28% (n¼ 9/32) 0.02
Research Article 17% (n¼ 3/18) 28% (n¼ 9/38) 0.50
Promotional 11% (n¼ 2/18) 28% (n¼ 9/38) 0.29
Political 6% (n¼ 1/18) 16% (n¼ 5/32) 0.40

Host of Site
Healthcare Organization 56% (n¼ 10/18) 31% (n¼ 10/32) 0.13
News Media 33% (n¼ 6/18) 41% (n¼ 13/32) 0.76
Other Org/Business 6% (n¼ 1/18) 25% (n¼ 8/32) 0.13
Industry 6% (n¼ 1/18) 3% (n¼ 1/32) 1.00

Asthma Content Score 10 (7-12) 2 (0-3) <0.0001
HONCode Score 6 (5-7) 4 (3-6) 0.002
High HONCode Score 50% (n¼ 9/18) 25% (n¼ 8/32) 0.12

DISCERN Score
Reliability 32 (29-35) 23 (18-26) <0.0001
Quality 17 (13-24) 8 (7-12) <0.0001
Overall 4 (3-4) 2 (1-2) <0.0001
High Overall DISCERN 39% (n¼ 7/18) 0% (n¼ 0/32) 0.0003
Low Overall DISCERN 17% (n¼ 3/18) 75% (n¼ 24/32) <0.0001

Total Number of Shares 3950 2841
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more commonly shared by individuals or non-health-
care organizations.

Disinformation often seems more novel than fac-
tual information and this disinformation can penetrate
farther, deeper, and faster than truth in all categories
of information (35). A recent study from the MIT
found that false news was more likely to inspire
replies expressing greater surprise and disgust, leading
to increased shares by individuals (35). False informa-
tion is more readily distributed as compared to fact-
ually correct information, and this phenomenon of
relatively preferential propagation of false information
has been brought to the forefront during the SARS-
CoV-2 pandemic (36,37). It is possible that similar
forces were at play in this pre-pandemic dataset.

Our study highlights the opportunity for all health-
care entities to engage patients in their medium of
comfort when communicating, which increasingly
appears to be the digital sphere. A significant amount
of poor-quality data or frank misinformation is disse-
minated online with the potential for negative impact
on patients and caregivers. This problem can dispro-
portionately affect the over-65 users, who are more
likely to suffer from asthma-related problems and
who are more likely to share “fake news” on social
media (38,39). Understanding patients’ needs and pro-
viding the requisite high-quality information and
resources can be an impactful way of fulfilling our
responsibility to the community. At the same time,
spreading awareness regarding availability of objective
tools to assess the quality of online information is
important to allow users to independently judge the
veracity of information before consuming or apply-
ing it.

Healthcare clinicians and medical organizations are
obligated to play a role in countering disinformation
online. By providing factual evidence-based and peer-
reviewed information, clinicians and organizations can
provide alternatives to those seeking to profit off of
disinformation. But to compete in the digital space
and on social media, clinicians and medical organiza-
tions will need to adopt strategies that utilize some of
the aggressive marketing tactics while staying true to
facts. The balance between marketing and objective
evidence is difficult to achieve, but providing reliable
information is crucial if we are to help patients and
caregivers navigate through a sea of disinformation.
The need for this balance is evident from the fact that
a number of tweets in the top 100 tweets for the year
2018 are those from Twitter based journal clubs or
“live tweets” from regional and national medical meet-
ings. The Journal Clubs are conducted to encourage

conversations around published articles on social
media. Similarly, the live tweets from conferences lead
to propagation on scientific information being dis-
cussed at these meetings. Both these types of tweets
allow for sharing of medical information that is cura-
ted and accurate. The engagement with these tweets
depicts the potential for wide ranging impact, not lim-
ited only to the medical community.

Our approach to analysis was similar to those used
by others (25,26), including by Dr. Goobie and col-
leagues in their analysis of YouTube videos as a
source of disinformation in idiopathic pulmonary
fibrosis (25). In Goobie’s review, 200 videos were
reviewed resulting from a search of “idiopathic pul-
monary fibrosis” using HONCode criteria, the
DISCERN instrument, and a content score that the
authors’ created. We patterned our Asthma Content
Score on their methodology of establishing categories
of content and having criteria within each category
based on NHLBI recommendations with the input of
pediatric and adult asthma and pulmonary experts.
Although subjective, this provided some measure to
gauge the amount of asthma content addressed in
each link. Additionally, our cutoff for the level of
asthma content was quite low (5 out of 17 criteria
met) and still a majority of links had low levels of
asthma content.

Our study has several limitations. We chose to col-
lect data for tweets using the hashtag #asthma rather
than the keyword “asthma.” A hashtag is a word or a
phrase preceded by a pound or hash sign (e.g.
#asthma). These hashtags are employed by users as
tags on social media, including on Twitter, to easily
identify post on a specific topic or theme. Keywords
on the other hand are specific words included in a
post, in this case asthma, but do not connect to
searchable metadata. We previously have found that
this methodology results in more actionable data with
less viral noise (40), but this methodology may have
excluded important aspects of the conversation on
Twitter surrounding asthma. While the stakeholder
type was assigned by the Symplur data collection plat-
form, we recognize that the veracity of information
on a particular profile online is not always verifiable.
This can potentially impact the composition of various
stakeholder groups. Additionally, there is a potential
for subjectivity even when using objective scores, as
the HONCode and DISCERN score are not disease-
specific. However, this was minimized by having two
authors independently collect the data for both aspects
of the study (top tweets and top links) with differen-
ces mediated by a third author. We haven’t analyzed

6 V. KAUL ET AL.



correlations between HONCode, DISCERN score, and
Asthma Content. We limited our study to the Top
50 links, and performing multiple correlations and
regression analysis on a dataset of this size could lead
to spurious results from overfitting models. Whilst
not statistically evaluated, the majority of links shared
similarly low values across all three categories. Finally,
a qualitative analysis of the content of the tweet itself
was not performed besides categorizing them into
the four above-mentioned groups. This is an area for
further research and could help understand the minu-
tiae of the communication between stakeholders.
Practically, this is difficult to achieve due to the sheer
volume of communication online.

Patients and caregivers are increasingly turning to
social media for medical information. But that informa-
tion may not be reliable or relevant and may contain
potentially harmful disinformation. In our review of the
conversation on Twitter related to asthma, we found
that popular tweets using the hashtag #asthma were gen-
erally educational, but when we examined the most
shared links, most score poorly in terms of asthma con-
tent, quality, and reliability. This suggests that highly-
shared tweets and links on Twitter are not the best
source of information on medical topics and may be
helping to spread disinformation. Additionally, a better
understanding of what drives these conversations may
improve dissemination of more accurate information by
healthcare providers and organizations.

Declaration of interest

The authors have indicated that they have no potential con-
flicts of interest to disclose.

Funding

InCHIP–UConn Center for mHealth and Social Media Seed
Grant for Research on Social Media and Health.

References

1. Demographics of Social Media Users and Adoption in
the United States j Pew Research Center [Internet].
[cited 2019 Dec 11]. Available from: https://www.
pewresearch.org/internet/fact-sheet/social-media/.

2. Global social media research summary July 2020
[Internet]. Smart Insights. 2020. [cited 2020 Sep 6].
Available from: https://www.smartinsights.com/social-
media-marketing/social-media-strategy/new-global-social-
media-research/.

3. Chou WS, Hunt YM, Beckjord EB, Moser RP, Hesse
BW. Social media use in the United States:

implications for health communication. J Med
Internet Res. 2009;11(4):e48. doi:10.2196/jmir.1249.

4. 10 Statistics That Show How Social Media is
Changing Healtcare [Internet]. [cited 2019 Dec 11].
Available from: https://www.pointsgroup.com/10-
social-media-statistics-for-healthcare/.

5. Househ M. The Use of Social Media in Healthcare:
Organizational, Clinical, and Patient Perspectives.
Stud Health Technol Inf. 2013;183:244–248.

6. Hawn C. Take Two Aspirin And Tweet Me In The
Morning: How Twitter, Facebook, And Other Social
Media Are Reshaping Health Care. Health Aff
(Millwood). 2009;28(2):361–368. [Internet]. [cited
2019 Dec 11] Available from: https://www.healthaf-
fairs.org/doi/full/10.1377/hlthaff.28.2.361?url_ver=Z39.
88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_
pub%3Dpubmed doi:10.1377/hlthaff.28.2.361.

7. Sugawara Y, Narimatsu H, Hozawa A, Shao L, Otani
K, Fukao A. Cancer patients on Twitter: a novel
patient community on social media. BMC Res Notes.
2012;5 (5):699. doi:10.1186/1756-0500-5-699.

8. Narimatsu H, Matsumura T, Morita T, Kishi Y, Yuji
K, Kami M, Komatsu T, Tanaka Y, Sawa T, Nakata Y,
et al. Detailed analysis of visitors to cancer-related
web sites. J Clin Oncol. 2008;26(25):4219–4223. doi:
10.1200/JCO.2008.18.7468.

9. Fisher J, Clayton M. Who gives a tweet: assessing
patients’ interest in the use of social media for health
care. Worldviews Evid Based Nurs. 2012;9(2):100–108.
doi:10.1111/j.1741-6787.2012.00243.x.

10. Diaz JA, Griffith RA, Ng JJ, Reinert SE, Friedmann
PD, Moulton AW. Patients’ use of the Internet for
medical information. J Gen Intern Med. 2002;17(3):
180–185.

11. Choo EK, Ranney ML, Chan TM, Trueger NS, Walsh
AE, Tegtmeyer K, McNamara SO, Choi RY, Carroll
CL. Twitter as a tool for communication and know-
ledge exchange in academic medicine: A guide for
skeptics and novices. Med Teach. 2015;37(5):411–416.
doi:10.3109/0142159X.2014.993371.

12. Carroll CL, Ramachandran P. The intelligent use of
digital tools and social media in practice management.
Chest. 2014;145(4):896–902. doi:10.1378/chest.13-0251.

13. Bosslet GT, Torke AM, Hickman SE, Terry CL, Helft
PR. The patient-doctor relationship and online social
networks: results of a national survey. J Gen Intern
Med. 2011;26(10):1168–1174. doi:10.1007/s11606-011-
1761-2.

14. Cheston CC, Flickinger TE, Chisolm MS. Social media
use in medical education: a systematic review. Acad Med.
2013;88(6):893–901. doi:10.1097/ACM.0b013e31828ffc23.

15. Brown J, Ryan C, Harris A. How doctors view and
use social media: a national survey. J Med Internet
Res. 2014;16(12):e267. doi:10.2196/jmir.3589.

16. Carroll CL, Bruno K, vonTschudi M. Social media
and free open access medical education: the future of
medical and nursing education? Am J Crit Care.
2016;25(1):93–96. doi:10.4037/ajcc2016622.

17. Grajales FJ, Sheps S, Ho K, Novak-Lauscher H,
Eysenbach G. Social media: a review and tutorial of
applications in medicine and health care. J Med
Internet Res. 2014;16(2):e13. doi:10.2196/jmir.2912.

JOURNAL OF ASTHMA 7

https://www.pewresearch.org/internet/fact-sheet/social-media/
https://www.pewresearch.org/internet/fact-sheet/social-media/
https://www.smartinsights.com/social-media-marketing/social-media-strategy/new-global-social-media-research/
https://www.smartinsights.com/social-media-marketing/social-media-strategy/new-global-social-media-research/
https://www.smartinsights.com/social-media-marketing/social-media-strategy/new-global-social-media-research/
https://doi.org/10.2196/jmir.1249
https://www.pointsgroup.com/10-social-media-statistics-for-healthcare/
https://www.pointsgroup.com/10-social-media-statistics-for-healthcare/
https://www.healthaffairs.org/doi/full/10.1377/hlthaff.28.2.361?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed
https://www.healthaffairs.org/doi/full/10.1377/hlthaff.28.2.361?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed
https://www.healthaffairs.org/doi/full/10.1377/hlthaff.28.2.361?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed
https://www.healthaffairs.org/doi/full/10.1377/hlthaff.28.2.361?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed
https://doi.org/10.1377/hlthaff.28.2.361
https://doi.org/10.1186/1756-0500-5-699
https://doi.org/10.1200/JCO.2008.18.7468
https://doi.org/10.1111/j.1741-6787.2012.00243.x
https://doi.org/10.3109/0142159X.2014.993371
https://doi.org/10.1378/chest.13-0251
https://doi.org/10.1007/s11606-011-1761-2
https://doi.org/10.1007/s11606-011-1761-2
https://doi.org/10.1097/ACM.0b013e31828ffc23
https://doi.org/10.2196/jmir.3589
https://doi.org/10.4037/ajcc2016622
https://doi.org/10.2196/jmir.2912


18. Barnes SS, Kaul V, Kudchadkar SR. Social media
engagement and the critical care medicine commu-
nity. J Intensive Care Med. 2019;34(3):175–182. doi:
10.1177/0885066618769599.

19. Carroll CL, Bruno K, Ramachandran P. Building
community through a #pulmcc twitter chat to advo-
cate for pulmonary, critical care, and sleep. Chest.
2017;152(2):402–409. doi:10.1016/j.chest.2017.03.003.

20. Carroll CL, Dangayach NS, Khan R, Carlos WG,
Harwayne-Gidansky I, Grewal HS, Seay B, Simpson
SQ, Szakmany T, Social Media Collaboration of
Critical Care Practitioners and Researchers (SoMe-
CCCPR). Lessons learned from web- and social
media-based educational initiatives by pulmonary,
critical care, and sleep societies. Chest. 2019;155(4):
671–679. doi:10.1016/j.chest.2018.12.009.

21. Courtney KL, Shabestari O, Kuo A. Enabling health
and healthcare through ICT: available, tailored and
closer. Amsterdam, The Netherlands: IOS Press; 2013.
p. 416.

22. Lovejoy K, Waters RD, Saxton GD. Engaging stake-
holders through Twitter: How nonprofit organizations
are getting more out of 140 characters or less. Public
Relat Rev. 2012;38(2):313–318.

23. Griffis HM, Kilaru AS, Werner RM, Asch DA,
Hershey JC, Hill S, Ha YP, Sellers A, Mahoney K,
Merchant RM, et al. Use of social media across US
hospitals: descriptive analysis of adoption and utiliza-
tion. J Med Internet Res. 2014;16(11):e264. doi:10.
2196/jmir.3758.

24. Waters RD, Burnett E, Lamm A, Lucas J. Engaging
stakeholders through social networking: How non-
profit organizations are using Facebook. Public Relat
Rev. 2009;35(2):102–106.

25. Goobie G, Guler S, Johannson K, Fisher J, Ryerson C.
YouTube videos as a source of misinformation on
idiopathic pulmonary fibrosis. Ann Am Thorac Soc.
2019;16(5):572–579. doi:10.1513/AnnalsATS.201809-
644OC.

26. Stellefson M, Chaney B, Ochipa K, Chaney D, Haider
Z, Hanik B, Chavarria E, Bernhardt JM. YouTube as
a source of chronic obstructive pulmonary disease
patient education: A social media content analysis.
Chron Respir Dis. 2014;11(2):61–71. doi:10.1177/
1479972314525058.

27. Kaufman DR, Smith CA, Keselman A, Murcko A.
Cinnamon Rolls Cure Diabetes: Deception,
Disinformation and Controversy in Online Health

Information.: 4. Available from: http://wish.gatech.
edu/wp-content/uploads/kaufman_david_panel.pdf

28. Walji M, Sagaram S, Sagaram D, Meric-Bernstam F,
Johnson C, Mirza NQ, Bernstam EV. Efficacy of qual-
ity criteria to identify potentially harmful information:
a cross-sectional survey of complementary and alter-
native medicine web sites. J Med Internet Res. 2004;
6(2):e21. doi:10.2196/jmir.6.2.e21.

29. Metzger MJ. Making sense of credibility on the Web:
Models for evaluating online information and recom-
mendations for future research. J Am Soc Inf Sci.
2007;58(13):2078–2091.

30. Fisher JH, O’Connor D, Flexman AM, Shapera S,
Ryerson CJ. Accuracy and reliability of internet
resources for information on idiopathic pulmonary
fibrosis. Am J Respir Crit Care Med. 2016;194(2):
218–225. doi:10.1164/rccm.201512-2393OC.

31. Healthcare Stakeholder Segmentation [Internet]. [cited
2020. Sep 6]. Available from: http://help.symplur.com/
en/articles/103684-healthcare-stakeholder-segmentation.

32. Health On the Net, promotes transparent and reliable
health information online through HONcode certifi-
cation. [Internet]. [cited 2019. Dec 9]. Available from:
https://www.hon.ch/en/.

33. DISCERN - Welcome to DISCERN [Internet]. [cited
2019. Dec 9]. Available from: http://www.discern.org.uk/.

34. 6 Natural Asthma Relief Options (That Don’t Require
An Inhaler) [Internet]. Eu Natural. 2018. [cited 2020
Sep 6]. Available from: https://eunatural.com/natural-
asthma-relief-options/.

35. Vosoughi S, Roy D, Aral S. The spread of true and
false news online. Science. 2018;359(6380):1146–1151.
doi:10.1126/science.aap9559.

36. Lancet T. The truth is out there, somewhere. The
Lancet. 2020;396(10247):291.

37. Diseases TLI. The COVID-19 infodemic. Lancet
Infect Dis. 2020;20(8):875.

38. Guess A, Nagler J, Tucker J. Less than you think:
Prevalence and predictors of fake news dissemination
on Facebook. Sci Adv. 2019;5(1):eaau4586. doi:10.
1126/sciadv.aau4586.

39. Brashier NM, Schacter DL. Aging in an era of fake
news. Curr Dir Psychol Sci. 2020;29(3):316–323. doi:
10.1177/0963721420915872.

40. Carroll CL, Kaul V, Sala KA, Dangayach NS.
Describing the digital footprints or “sociomes” of
asthma for stakeholder groups on twitter. ATS Sch.
2020;1(1):55–66.

8 V. KAUL ET AL.

https://doi.org/10.1177/0885066618769599
https://doi.org/10.1016/j.chest.2017.03.003
https://doi.org/10.1016/j.chest.2018.12.009
https://doi.org/10.2196/jmir.3758
https://doi.org/10.2196/jmir.3758
https://doi.org/10.1513/AnnalsATS.201809-644OC
https://doi.org/10.1513/AnnalsATS.201809-644OC
https://doi.org/10.1177/1479972314525058
https://doi.org/10.1177/1479972314525058
http://wish.gatech.edu/wp-content/uploads/kaufman_david_panel.pdf
http://wish.gatech.edu/wp-content/uploads/kaufman_david_panel.pdf
https://doi.org/10.2196/jmir.6.2.e21
https://doi.org/10.1164/rccm.201512-2393OC
http://help.symplur.com/en/articles/103684-healthcare-stakeholder-segmentation
http://help.symplur.com/en/articles/103684-healthcare-stakeholder-segmentation
https://www.hon.ch/en/
http://www.discern.org.uk/
https://eunatural.com/natural-asthma-relief-options/
https://eunatural.com/natural-asthma-relief-options/
https://doi.org/10.1126/science.aap9559
https://doi.org/10.1126/sciadv.aau4586
https://doi.org/10.1126/sciadv.aau4586
https://doi.org/10.1177/0963721420915872


Supplemental Figure 1: Correlation between HONCode Score, DISCERN Score and the 
Asthma Content Score.



Supplemental Table S1: Comparisons of Characteristics of Tweets Across Different 
Stakeholder Types. (data presented as frequency, or median with 25-75% IQR) 
 

 Clinician 
(n=14) 

HCO 
(n=49) 

Individual 
(n=20) 

Org Non-Health 
(n=16) 

Characteristics of Stakeholders 
Tweeting 

    

Verified 57% (n=8) 92% (n=45) 25% (n=5) 56% (n=9) 

Followers 15,217 (15,217-
29,850) 

41,255 (14,241-
4,641,510) 

75,475 (11,501-
134,621) 

21,040 (7,241-
481,353) 

Following 660 (608-9,207) 7,727 (2,093-
7,727) 

2,830 (937-
7,022) 

339 (126-1,227) 

Followers/Following Ratio 23 (3-23) 5 (5-10) 8 (2-27) 162 (42-339) 
Tweet Characteristics     

Type of Tweet     

Education Tweet 57% (n=8) 86% (n=42) 25% (n=5) 44% (n=7) 

Research Tweet 21% (n=3) 2% (n=1) 10% (n=2) 31% (n=5) 

Political Tweet 7% (n=1) 2% (n=1) 40% (n=8) 0% (n=0) 
Promotional Tweet 14% (n=2) 10% (n=5) 15% (n=3) 25% (n=4) 

Personal Tweet 0% (n=0) 0% (n=0) 10% (n=2) 0% (n=0) 

Tweet Part of a Thread 14% (n=2) 16% (n=8) 25% (n=5) 0% (n=0) 

Tweet Contains Image 36% (n=5) 76% (n=37) 25% (n=5) 63% (n=10) 

Image Tags Users 0% (n=0/5) 16% (n=6/37) 0% (n=0/5) 10% (n=1/10) 
Tweet Contains GIF/Video 0% (n=0) 24% (n=12) 20% (n=4) 19% (n=3) 

Contains Other Hashtags 86% (n=12) 76% (n=37) 100% (n=20) 69% (n=11) 

Median Number of 
Hashtags 

2 (1-10) 1 (1-3) 2 (1-3) 2 (1-4) 

Tweet Contains Mentions 50% (n=7) 82% (n=40) 50% (n=10) 88% (n=14) 

Median Number of Mentions 4 (1-5) 1 (1-1) 2 (1-3) 1 (1-2) 

Tweet Contains Link? 50% (n=7) 82% (n=40) 50% (n=10) 88% (n=14) 

Link Contains Video? 0% (n=0) 48% (n=19) 20% (n=2) 7% (n=1) 

Type of Link?     
Gen Education Link 57% (n=4/7) 93% (n=37/40) 20% (n=2/10) 29% (n=4/14) 

Research Ed Link 43% (n=3/7) 3% (n=1/40) 30% (n=3/10) 43% (n=6/14) 

Political Link 0% (n=0/7) 0% (n=0/40) 30% (n=3/10) 0% (n=0/14) 

Promotional Link 0% (n=0/7) 5% (n=2/40) 20% (n=2/10) 29% (n=4/14) 
 

  



Supplemental Table S2: Qualities of Top 50 Links Related to #asthma in 2018 by Quality 
of Link According to the HONCode Score. (data presented as frequency, or median with 25-

75% IQR) 
 

 High HONCode 
 

(n=17) 

Medium or Low 
HONCode 

(n=33) 

p-value (OR) 

Type of Link    

General Education 47% (n=8/17) 39% (n=13/33) 0.76 

Research Article 41% (n=7/17) 15% (n=5/33) 0.08 

Promotional 0% (n=0/17) 33% (n=11/33) 0.009 

Political 12% (n=2/17) 12% (n=4/33) 1.00 

Host of Site    

Healthcare Organization 59% (n=10/17) 30% (n=10/33) 0.0457 

News Media 41% (n=7/17) 36% (n=12/33)  

Other Org/Business 0% (n=0/17) 27% (n=9/33)  

Industry 0% (n=0/17) 6% (n=2/33)  

Provides Useful Info 71% (n=12/17) 45% (n=15/33) 0.14 

Asthma Content Score 6 (3-12) 3 (0-5) 0.01 

High Asthma Content Score 53% (n=9/17) 27% (n=9/33) 0.12 

HONCode Score  7 (6-7) 4 (3-5) <0.0001 

DISCERN Score    

Reliability 30 (27-36) 23 (18-28) <0.0001 

Quality 16 (8-25) 10 (7-12) 0.01 

Overall 4 (2-4) 2 (1-3) 0.007 

High Overall DISCERN 29% (n=5/17) 6% (n=2/33) 0.04 (OR 6.5; 95% 
CI 1.1-37.9) 

Low Overall DISCERN 29% (n=5/17) 67% (n=22/33) 0.02 (OR 0.2; 95% 
CI 0.06-0.74) 

 

  



Supplemental Table S3: Qualities of Top 50 Links Related to #asthma in 2018 by Quality 
of Link According to the DISCERN Score. (data presented as frequency, or median with 25-

75% IQR) 
 

 High DISCERN 
(n=7) 

Low DISCERN 
(n=7) 

p-value (OR) 

Type of Link    

General Education 86% (n=6/7) 26% (n=7/27) 0.007 (OR 17.1; 
95% CI 1.7-168.4) 

Research Article 14% (n=1/7) 22% (n=6/27) 1.00 

Promotional 0% (n=0/7) 33% (n=9/27) 0.15 

Political 0% (n=0/7) 19% (n=5/27) 0.56 

Host of Site    

Healthcare Organization 71% (n=5/7) 30% (n=8/27) 0.17 

News Media 29% (n=2/7) 37% (n=10/27)  

Other Org/Business 0% (n=0/7) 30% (n=8/27)  

Industry 0% (n=0/7) 4% (n=1/27)  

Provides Useful Info? 100% (n=7/7) 11% (n=3/27) <0.0001 

Asthma Content Score 11 (10-17) 2 (0-3) 0.003 

High Asthma Content Score 100% (n=7/7) 11% (n=3/27) <0.0001 

HONCode Score  6 (6-8) 4 (3-6) 0.003 

High HONCode Score 71% (n=5/7) 19% (n=5/27) 0.01 

DISCERN Score    

Reliability 34 (30-27) 21 (17-26) <0.0001 

Quality 24 (19-28) 7 (7-10) <0.0001 

Overall 4 (4-5) 1 (1-2) <0.0001 

 



Supplemental Table S4: HONCode Scoring Criteria.  One point given for each principle met.  
Points summed to give total score.  Scoring: Low = satisfying 0 to <3 principles; Medium = 
satisfying 3 to <6 principles; High = satisfying 6-8 principles.  
 

 HONCode Principle  

 1. Any medical or health advice given in the video must come from a qualified health 
professional unless it is clearly stated that the information does not come from a 
qualified health source. 

 2. The information provided in the video must be designed to support the patient’s 
asthma self-management, but it is not meant to replace the patient-physician 
relationship.  

 3. The information in the video maintains the right to confidentiality and respect of the 
individual patient featured.  

 4. Each video contains references to source data on information presented or contains 
a specific HTML link to source information.  

 5. Each video containing claims on the benefits or performance of specific 
skills/behaviors, interventions, treatments, products, etc., must be supported by 
evidence through references or HTML links. 

 6. The video must provide the viewer with contact information, or a URL to more 
information.  

 7. Any individual or organization that contributes funds, services or material in the 
posted video must be clearly identified in the video or video description.  

 8. If advertisement supports funding to the video or the video’s developers, it must be 
clearly stated. Included advertising must be clearly differentiable to the viewer: There 
should be a clear difference between the advertising material and the educational 
material in the video. 

 
  



Supplemental Table S5: DISCERN Questionnaire.  Section 3 Rating: Low = Serious or 
extensive shortcomings; Moderate = Potentially important, but not serious shortcomings; High = 
Minimal shortcomings 
 

Section 1 – Is the publication reliable? 

1. Are the aims clear?   No Partially Yes 
 1 2 3 4 5 

2. Does it achieve its aims?  No Partially Yes 
 1 2 3 4 5 

3. Is it relevant?  No Partially Yes 
 1 2 3 4 5 

4. Is it clear what sources of information were used to 
compile the publication (other than the author or producer)? 

 No Partially Yes 
 1 2 3 4 5 

5. Is it clear when the information used or reported in the 
publication was produced? 

 No Partially Yes 
 1 2 3 4 5 

6. Is it balanced and unbiased?  No Partially Yes 
 1 2 3 4 5 

7. Does it provide details of additional sources of support 
and information? 

 No Partially Yes 
 1 2 3 4 5 

8. Does it refer to areas of uncertainty?  No Partially Yes 
 1 2 3 4 5 

Section 2 – How good is the quality of information on treatment choices? 

9. Does it describe how each treatment works?  No Partially Yes 
 1 2 3 4 5 

10. Does it describe the benefits of each treatment?  No Partially Yes 
 1 2 3 4 5 

11. Does it describe the risks of each treatment?  No Partially Yes 
 1 2 3 4 5 

12. Does it describe what would happen if no treatment is 
used? 

 No Partially Yes 
 1 2 3 4 5 

13. Does it describe how the treatment choices affect 
overall quality of life? 

 No Partially Yes 
 1 2 3 4 5 

14. Is it clear that there may be more than one possible 
treatment choice? 

 No Partially Yes 
 1 2 3 4 5 

15. Does it provide support for shared decision-making?  No Partially Yes 
 1 2 3 4 5 

Section 3 – Overall rating of the publication. 

16. Based on the answers to all of the above questions, 
rate the overall quality of the publication as a source of 
information about treatment choices. 

 Low Moderate High 
 1 2 3 4 5 

 
  



Supplemental Table S6: Asthma Content Score Criteria. If Criteria addressed = 1 point, 
partially addressed = 0.5 points, not addressed = 0 points 
 
 

Category Score Criteria Examples 

Definition  Chronic Disease Chronic 
 

 Inflammatory Disease Neutrophils, Eosinophils, 
Lymphocytes, Mast cells 

 Recurrent Recurrent, recurrence 
 

 Airways Disease Airway hyperresponsiveness, 
Airway remodeling 

Signs/Symptoms  Bronchoconstriction Wheezing, Airway narrowing 
 

 Cough 
 

Cough 

 Shortness of breath Shortness of breath, dyspnea 
 

Risk Factors  Triggers Allergens, Viruses 
 

 Atopy Atopy, Eczema, Allergies, 
Hayfever, Allergic Rhinitis 

 Family History Gene-Environment 
Interactions 

Evaluation  Pulmonary Function Testing Spirometry 
 

 Allergy Testing Allergy Testing 
 

Management  Rescue Medications Albuterol 
 

 Controller Medications Corticosteroids, LABA 
 

 Asthma Action Plan Asthma Action Plan 
 

Outcomes  Asthma Control Control 
 

 Acute exacerbations Attacks, exacerbations 
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