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Abstract: We focused on tweets containing hashtags related to ADHD pharmacotherapy between 20
September and 31 October 2019. Tweets were classified as to whether they described medical issues
or not. Tweets with medical content were classified according to the topic they referred to: side effects,
efficacy, or adherence. Furthermore, we classified any links included within a tweet as either scientific
or non-scientific. We created a dataset of 6568 tweets: 4949 (75.4%) related to stimulants, 605 (9.2%)
to non-stimulants and 1014 (15.4%) to alpha-2 agonists. Next, we manually analyzed 1810 tweets.
In the end, 481 (48%) of the tweets in the stimulant group, 218 (71.9%) in the non-stimulant group
and 162 (31.9%) in the alpha agonist group were considered classifiable. Stimulants accumulated
the majority of tweets. Notably, the content that generated the highest frequency of tweets was that
related to treatment efficacy, with alpha-2 agonist-related tweets accumulating the highest proportion
of positive consideration. We found the highest percentages of tweets with scientific links in those
posts related to alpha-2 agonists. Stimulant-related tweets obtained the highest proportion of likes
and were the most disseminated within the Twitter community. Understanding the public view of
these medications is necessary to design promotional strategies aimed at the appropriate population.

Keywords: ADHD; social media; Twitter; pharmacotherapy; stimulants; alpha-2-adrenergic agonists;
non-stimulants

1. Introduction

Attention deficit hyperactivity disorder (ADHD) is one of the most common neuropsy-
chiatric disorders of childhood and adolescence, often persisting into adulthood [1]. The
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reported prevalence of ADHD in children varies from 2 to 18 percent [2,3]. ADHD is asso-
ciated with negative health outcomes and marked impairment in academic, occupational
and social functioning [4,5].

The treatment of ADHD is complex and may involve behavioral, psychological and
educational interventions, as well as medication [6]. Different pharmacological treatments
have shown efficacy in reducing ADHD symptoms and improving daily functioning [6].
As has been reported, however, the efficacy of these treatments is not homogenous, nor is
the frequency and pattern of associated side effects [6]. The choice of the initial medication
depends upon a number of factors, including the individual preferences of the clinician,
patient and family [6]. Furthermore, adherence to the treatment regimen is critical for
the efficacy of the medical intervention [7,8]. Determinants of patient behavior, includ-
ing adherence to medication and one’s own lifestyle habits, are influenced by patients’
experiences, attitudes and opinions with regard to their treatment [7,8]. In order to better
optimize medical treatments for the management of ADHD, analyses of the opinions of
patients and their families are therefore required.

Social media platforms are increasingly being leveraged by researchers for public
health surveillance, intervention delivery, the study of attitudes toward health behav-
iors and diseases, predictions on diseases, and insight into the medical experiences of
patients [9–12]. In particular, Twitter is the most commonly used social media platform
within health research, and content analysis is the most common approach [13,14]. In
this context, the exploration of tweets discussing perceptions of medications for better
understanding, compliance and therapeutic decision making has been sufficiently estab-
lished [15,16].

Moreover, research on patients’ beliefs and attitudes has traditionally relied on surveys,
interviews and clinical trials [17,18]. However, social media may also allow for a wider
range of patients’ voices to be heard, including those perspectives from patients reluctant
to participate in surveys or research. In addition, since social media posts are spontaneous
in nature, they may be more reflective of what patients truly experience than surveys
conducted by researchers, which rely on structured, formal interviews [19–21]. Moreover,
postings can be collected nearly in real time, thereby avoiding recall bias. Consequently,
platforms such as Twitter may provide a useful insight into patients’ beliefs.

Finally, the analysis of tweets on psychiatric disorders is a recently significant area of
study for understanding the sentiments of society, patients and health professionals [22–24].
That being said, topics of medical and non-medical interest among Twitter users with
relation to ADHD treatment have not yet been established, with the dissemination of
ADHD-related tweets remaining unknown.

In this study, we have hypothesized that, firstly, the pharmacological treatment for
ADHD is an area of interest for Twitter users and that, secondly, a diverse perception
towards the different drug treatments available can be observed. More specifically, the aims
of this multidisciplinary research were to investigate the interest and social considerations
of Twitter users towards approved pharmacological treatments for ADHD. In addition, we
investigated the dissemination of these tweets.

2. Materials and Methods
2.1. Data Collection

In this observational quantitative and qualitative study, we focused on searching
for tweets that referred to medications approved for the treatment of ADHD: Adderall,
Dexedrina, Dextrostat, Focalin, Metilin, Ritalin, Metadate CD (methylphenidate), Ritalin
LA (methylphenidate), Adderal-XR, Vyvanse (Lisdexamfetamine), Concerta, Daytrana,
Focalin XR, Quillivant XR (methylphenidate), Intuniv (guanfacine), Kapvay (clonidine) and
Strattera (Atomoxetine). The inclusion criteria for tweets were: (1) being posted publicly;
(2) using any of the previously mentioned hashtags; (3) being posted between 20 September
and 31 October 2019; (4) being written in English or Spanish. The six-week period was
chosen to avoid any potential bias in the content of the tweets. We collected the number of
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likes each tweet generated, the date and time of each tweet, a permanent link to the tweet
and each user’s profile description. In addition, we obtained a list of the ten hashtags most
frequently associated with the hashtags of our study.

2.2. Search Tool

We used the Twitter Firehose data stream, which is managed by Gnip and allows
access to 100% of all public tweets that match a certain criteria (query). In our study, the
search criteria were the previously mentioned hashtags.

2.3. Content Analysis Process

All 118,388 retrieved tweets were included in the dataset (Figure 1). First, we excluded
those tweets mentioning any of the aforementioned medications in an unrelated context.
For example, Concerta is also the name of a political party in Chile. In this case, any tweets
referring to the political party were omitted. Secondly, we excluded all tweets, including
hashtags and keywords, not related to health (e.g., political issues). Specifically, Concerta
and Ritalin generated 10,773 and 13,987 tweets, respectively, but 10,127 (94%) and 13,567
(97%), respectively, were not related to health. Indeed, most of them included hashtags
(#mesacentral, #apoyofirmado, #tumbamadre, #lamarchamasgrande, #Pinerarenuncia) or
keywords related to political conflict occurring in Chile. Similarly, Adderall generated
87,808 tweets, of which 86,052 (98.7%) included hashtags or keywords related to political
issues (e.g., Trump, impeachment).

Figure 1. Flowchart of data management.

All 8642 remaining tweets were inspected by two raters (M.A.A.-M. and L.d.A.). First,
we scanned all of the tweets and excluded 2074 that provided information that was too
limited, contained only images or included hashtags of more than one treatment. This
process led to the creation of a more concise dataset of 6568 tweets, which we divided
into three groups: 4949 (75.4%) stimulants, 605 (9.2%) non-stimulants and 1014 (15.4%)
alpha-2-adrenergic agonists.

Next, we created a codebook based on our research questions, our previous experience
in analyzing tweets and what we determined to be the most common themes. M.A.A.-M.
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and L.d.A. analyzed 300 tweets separately to test the suitability of the codebook. Dis-
crepancies were discussed between the raters and with another author (M.L.-V.). After
revising the codebook, the raters then proceeded to perform a content analysis of 50% of
the tweets in each group, limiting them to a maximum of 1000 tweets randomly selected.
Thus, we manually analyzed 1000 tweets from the stimulant group, 303 from the non-
stimulant group and 507 from the alpha-2 agonist group (Figure 1). Classification criteria
and examples of tweets are shown in Table 1.

Table 1. Category, definitions and examples of classification. Usernames and personal names were removed.

Category Examples of Tweets

EFFICACY
(refers to the ability or inability of a

treatment to provide a beneficial effect)

• I like to talk about meds. been on ADHD meds almost consistently from 8 yrs old
to now (19). im on Concerta right now and it’s working wonders for me. people
are very strung out about medicating kids and i get that but, i really needed it as
a kid and need it more as an adult.

• Unfortunately concerta didn’t work for me: (but everybody’s different! it was so
long ago i can’t remember what my problem with it was haha...i think it just
wasn’t strong enough for me. but it’s not a bad drug i know some ppl that take it!
make sure you’re eating ok?

SIDE EFFECTS
(refers to any effect that is secondary to

the one intended either adverse or
beneficial; we also included tweets
discussing tolerability of the drug)

• I just vividly remember going off Concerta as a kid because it killed my appetite
and I have a hard enough time keeping weight on as it is (this 3-week depressive
low has already ate away [haha] at 2 or 3 lbs) and I’m afraid of that happening
again

• Concerta makes me want to eat three leaves of lettuce a day and id still feel
bloated.

• I was diagnosed at an early age and was put on a few medications. I had some
medications that made me very emotional. The last medication I remember being
on was concerta and it flattened my mood waaay too much

• I was really thirsty, not eating, and super paranoid when I tried vyvanse.
• I remember taking my first concerta, it was the 18 mg and I was in matric. Stayed

up all night like a maniac

ADHERENCE
(refers to the degree of conformity to the
recommendations about the treatment
with respect to the timing, dosage or

frequency)

• I love the way you explained it! I was diagnosed in 2012, five years into my
serving in the military. I took concerta for the first 3 months after my diagnosis
and then stopped. I struggled with accepting this diagnosis. Now in 2019 I’ve
accepted it & want to get help.

• Uhm I’m not doing this willingly. I’m all for medicine. I’m not taking my meds
rn because I need to do a new examination of my diagnosis and I need to have 0
trace of concerta in my body by then. I legit can’t wait to get to take meds again.

• I have 72 mg Concerta, ive been on it for years but i dont take it every single day.

2.4. Measuring Influence and Interest on Twitter

We analyzed the number of likes generated by each tweet as an indicator of user
interest on a given topic. We also measured the potential reach and impact of all analyzed
hashtags. Impact is defined as a numerical value representing the potential views a tweet
may receive, while reach is defined as a numerical value measuring the potential audience
of the hashtag.

In addition, we measured how positive or negative a hashtag was on a scale from 1
(negative) to 100 (positive). Sentiment analysis tools analyze all words contained in a tweet,
and each word has its own score that can vary depending on the context. The average score
of all the tweets with a certain hashtag determines that hashtag’s overall sentiment score.

2.5. Ethical Considerations

This study was approved by the Research Ethics Committee of the University of Alcala
(OE 14_2020).
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2.6. Statistical Analysis

A descriptive study of the sample was performed, describing the variables by their
absolute and relative frequencies. The percentages found were compared using the chi-
square test. In the case of quantitative variables, it was checked whether they followed
a normal distribution using the Kolmogorof–Smirnof test. As this was not the case, non-
parametric tests were used. The Kruskal–Wallis test was used for comparisons of median
values among three groups, followed by post hoc testing using a Bonferroni-adjusted
alpha level.

3. Results
3.1. Stimulants Accumulated the Most Interest among Twitter Users

According to the codebook, 521 (52%) of the stimulant tweets, 85 (28.1%) of the
non-stimulant tweets and 345 (68.1%) of the alpha-2 agonist tweets were considered unclas-
sifiable. These tweets shared information or news either about the commercialization of
the medication, business-related information, or mentions of treatments for other disorders
apart from ADHD. In the end, 481 (48%) of the tweets in the stimulant group, 218 (71.9%)
in the non-stimulant group and 162 (31.9%) in the alpha agonist group were considered
classifiable (Figure 1). In terms of the content of these tweets, the mention of the specific
medications was related to their efficacy, side effects or adherence to treatment for ADHD
(Table 1). Moreover, these coding categories were not mutually exclusive in the sense that a
generated tweet could be listed under more than one category.

There were significant differences in the percentage of tweets with medical efficacy
content between the three groups of drugs (Table 2). The percentage of tweets related
to the efficacy of the alpha-2 agonist group was higher than that found in the stimulant
and non-stimulant groups. Furthermore, the alpha-2 agonist group also had the highest
percentage of tweets containing a positive description of the efficacy of their use (74.1%).
Similar results were observed in the percentage of tweets addressing efficacy, as well as the
valuation of that efficacy among the stimulant and non-stimulant groups.

Table 2. Descriptive characteristics of the tweets considered classifiable in the content analysis,
categorized by total amount per drug and category.

N
ALPHA-2

AGONIST
NON-

STIMULANT STIMULANT p-Value

162 218 481

EFFICACY

No Mention 36
(22.2%)

84
(38.5%)

176
(36.6%)

Positive 120
(74.1%)

118
(54.1%)

270
(56.1%)

Negative 6
(3.7%)

16
(7.3%)

35
(7.3%)

p < 0.001

SIDE
EFFECTS

No Mention 40
(24.7%)

77
(35.3%)

239
(49.7%)

Positive 4
(2.5%)

3
(1.4%)

6
(1.2%)

Negative 118
(72.8%)

138
(63.3%)

236
(49.1%)

p < 0.001
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Table 2. Cont.

N
ALPHA-2

AGONIST
NON-

STIMULANT STIMULANT p-Value

162 218 481

ADHERENCE

No Mention 148
(91.4%)

196
(89.9%)

451
(93.8%)

Positive 8
(4.9%)

12
(5.5%)

9
(1.9%)

Negative 6
(3.7%)

10
(4.6%)

21
(4.4%)

p = 0.1

LINK

No Mention 65
(40.1%)

145
(66.5%)

466
(96.9%)

Scientific 94
(58.0%)

68
(31.2%)

13
(2.7%)

Non-
Scientific

3
(1.9%)

5
(2.3%)

2
(0.4%)

p < 0.001
For each category, total number of tweets (n) and relative proportions (%) are provided. Chi-square tests were
conducted to assess for statistical differences.

The analysis of the content related to the side effects of the treatments also showed
significant differences between the three groups of drugs (Table 2). The alpha-2 agonist
group had the highest percentage of tweets with content related to side effects and ac-
cumulated the highest percentage of those tweets with a negative valuation (72.8%). In
contrast, the stimulant group had the lowest percentage of negative valuations towards
side effects (49.1%). There were not any significant differences in the percentages of those
tweets mentioning treatment adherence between the three groups of drugs, being that they
were all low.

3.2. Scientific Links Were Mainly Found in Alpha-2 Agonist-Related Tweets

We investigated the use of sources defined by the inclusion of links within the tweet.
The links were categorized as scientific or non-scientific sources. Of the tweets related to
ADHD, 185 out of the 861 (21.5%) included a reference source, the majority of which were
scientific in nature (94.6%). We found significant differences between the percentages of
tweets containing a reference link between the three groups of drugs (p < 0.001) (Table 2).
Those tweets related to alpha-2 agonists had the highest percentage of links, of which most
were scientific. In contrast, tweets related to the stimulant drug group had the lowest
percentage of links (3.1%).

We observed that the percentages of tweets with negative or positive content related
to the efficacy of treatments were different among those tweets both including and not
including a link (p < 0.001) (Table 3). The negative opinion of treatment efficacy was
higher in those without a link (8.1%). In contrast, the percentage of tweets related to side
effects was higher among those with a link than in those without one included (p < 0.001).
Interestingly, the use of links in tweets with adherence content was very low (0.5%).

We studied the use of links in the three groups of treatments. We found a different
pattern of distribution of links within the different categories. Within the group of alpha-2
agonist tweets, we observed that the majority of the tweets with a link were focused on
efficacy and side effects (Table 4). In contrast, within the non-stimulant group, references
to efficacy were mainly posted without a link. Lastly, within the stimulant drug group,
efficacy was mainly addressed using a link, whereas side effects were mainly addressed
without one.
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Table 3. Descriptive characteristics of the tweets considered classifiable in the content analysis,
categorized by either including or not including a link.

Total
WITHOUT

LINK WITH LINK p-Value

676 185

EFFICACY

No Mention 238
(35.4%)

57
(30.8%)

Positive 382
(56.5%)

126
(68.1%)

Negative 55
(8.1%)

2
(1.1%)

p < 0.001

SIDE EFFECTS

No Mention 320
(47.3%)

36
(19.5%)

Positive 10
(1.5%)

3
(1.6%)

Negative 346
(51.2%)

146
(78.9%)

p < 0.001

ADHERENCE

No Mention 611
(90.4%)

184
(99.5%)

Positive 29
(4.3%) 0

Negative 36
(5.3%)

1
(0.5%)

p < 0.001
For each category, total number of tweets (n) and relative proportions (%) are provided. Chi-square tests were
conducted to assess for statistical differences.

Table 4. Use of links in the different content categories of the tweets related to the three different groups of pharmacological
treatments.

ALPHA-2 AGONIST NON-STIMULANTS STIMULANTS

WITHOUT
LINK WITH LINK WITHOUT

LINK WITH LINK WITHOUT
LINK WITH LINK

Total 65 97 145 73 466 15

SIDE EFFECTS

NM 26
(40%)

14
(14%)

66
(45.5%)

11
(15.1%)

288
(48.9%)

11
(73.3%)

+ 1
(2%)

3
(3%)

3
(2.1%) 0 6

(1.3%) 0

− 38
(58%)

80
(82%)

76
(52.4%)

62
(84.9%)

232
(49.8%)

4
(26.7%)

p = 0.001 p < 0.001 p = 0.17

EFFICACY

NM 24
(37%)

12
(12%)

42
(29%)

42
(57.5%)

173
(37.1%)

3
(20%)

+ 36
(55%)

84
(87%)

87
(60%)

31
(42.5%)

259
(55.6%)

11
(73.3%)

− 5
(8%)

1
(1%)

16
(11%) 0 34

(7.3%)
1

(6.7%)

p < 0.001 p < 0.001 p = 0.37
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Table 4. Cont.

ALPHA-2 AGONIST NON-STIMULANTS STIMULANTS

WITHOUT
LINK WITH LINK WITHOUT

LINK WITH LINK WITHOUT
LINK WITH LINK

ADHERENCE

NM 52
(80%)

96
(99%)

123
(84.8%)

73
(100%)

436
(93.6%)

15
(100%)

+ 8
(12%) 0 12

(8.3%) 0 9
(1.9%) 0

− 5
(8%)

1
(1%)

10
(6.9%) 0 21

(4.5%) 0

p < 0.001 p = 0.002 p = 0.60

Percentages (%) were calculated with respect to the total number of tweets generated without or with links in each group of treatments and
content category. NM = no mention. + = positive. − = negative.

3.3. Stimulant Related Tweets Were the Most Disseminated within the Twitter Community

We found that the probabilities of a tweet being liked among the three groups were
significantly different (p < 0.001). Alpha-2 agonists showed a statistically significantly lower
number of likes than both non-stimulant (p = 0.024) and stimulant (p < 0.001). Stimulant-
related tweets accumulated the highest median of likes per tweet. In addition, we analyzed
the number of likes received per tweet as classified by the inclusion or absence of a link.
We found that tweets not including a link had a significantly higher median of likes per
tweet than those tweets including a link (p = 0.041).

Furthermore, we found that stimulant-related tweets had the highest potential reach
and impact (Figure 2). Both parameters were markedly lower for non-stimulant and alpha-
2 agonist-related tweets. Regarding the sentiment analyses of the content of the tweets, we
found that it was positive for all three groups (Figure 3).

Figure 2. Potential reach and potential impact.
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Figure 3. Sentiment score comparisons between alpha-2 agonists, non-stimulants and stimulants. Sentiment analysis is
classifying the polarity of the tweet on a scale of 0 (very negative) to 100 (very positive).

4. Discussion
4.1. Principal Findings

In this study, we have found that Twitter users show a great interest in ADHD drugs,
mainly focusing on stimulants. These tweets are centered on the efficacy and side effects
of ADHD treatment. Tweets containing a positive consideration of efficacy were mainly
observed in those posts related to alpha-2 agonists. The frequency of tweets with content
related to adherence to treatment was marginal. The highest percentages of tweets with
scientific links were observed in those related to alpha-2 agonists. Furthermore, those
tweets referencing stimulants obtained the highest potential reach and impact.

The treatment of ADHD is complex, involving both the use of non-pharmacological
tools and the prescription of drugs [6]. Regarding pharmacological treatments, different
variables condition their clinical results. For instance, the efficacy of a drug for controlling
disease symptoms and the frequency and intensity of side effects are considered to be
critical for a treatment’s success [6]. Nevertheless, the subjective experience of a drug being
used by a patient is pivotal too in terms of adherence to treatment [7,8]. Furthermore, a
patient’s experience when consuming a drug is conditioned by any information or social
valuations received [25]. Thus, the study of patients’ experiences with regard to the efficacy
and side effects of, as well as adherence to, ADHD treatments is an area of intense focus,
having been previously assessed mainly through the use of qualitative studies such as
surveys and interviews [26,27]. However, contradictory results have also been reported on
the different drugs employed in ADHD treatment [28].

Currently, Twitter serves as one of the predominant social platforms for disseminating
perspectives publicly, giving anonymity to user testimonies and encouraging communica-
tion by people with real or perceived personal and social restrictions [29]. This anonymity
also prevents the potential stigmatization of a Twitter user for his/her attitudes towards a
disease, or for any physical or mental conditions they choose to disclose [30]. Thus, Twitter
has become a relevant tool for the dissemination of medical information and an interesting
resource for the study of individual experiences and opinions [31]. Furthermore, it has
been shown that young people tend to hide information from their doctors, especially
that information related to behaviors of which health care providers do not usually ap-
prove [32]. As a result, Twitter gives them the opportunity to express their experiences
anonymously [33].

In this study, we have demonstrated that the use of Twitter for sharing information
on patient experiences regarding ADHD treatment is significant, with tweets of this type
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maintaining a high frequency among those containing content more generally related to
medical treatment. Nevertheless, Twitter users tend to be younger than the population at
large; likewise, ADHD tends to affect a mostly younger demographic [1]. Moreover, the
majority of the tweets with medical content on ADHD drug treatments were related to the
stimulant group. Interestingly, these data uphold the elevated frequency of the use of these
drugs in the treatment of ADHD patients globally [34].

The high frequency of tweets with content related to the efficacy and side effects of
pharmacological treatments supports their significance to ADHD patients. Several studies
have also examined the efficacy of each treatment on ADHD symptoms; however, with
contradictory results [28]. Various reasons might explain such a discrepancy, yet this
strategy for obtaining patient information is critical regardless. Additionally, it has been
proposed that infodemiology may overcome the Hawthorne Effect as well as any memory
recall biases common to cross-sectional surveys and questionnaire-based studies [19,35]. In
terms of medical efficacy, our findings show that the alpha-2 agonist group of drugs accu-
mulated the highest frequency of tweets with a positive valuation, even though frequency
levels observed for both stimulants and non-stimulants ranked similarly. However, the
alpha-2 agonist group of drugs received the highest frequency of tweets related to their
side effects; interestingly, stimulants received the lowest frequency of tweets with regard to
tolerability. It has been previously shown that some of the side effects of stimulant drugs
have even been considered positive and actively pursued by patients [36]. These results
might support the designation of stimulant drugs as the first pharmacological option for
treating ADHD, as evidenced by several guidelines [6,37].

Our data also show that adherence to a pharmacological treatment is not a relevant
consideration for ADHD patients who are Twitter users. Additional to this point is the fact
that a similarly low frequency of tweets related to treatment adherence was found within
all three groups of drugs, with a positive valuation towards adherence uncommon but
slightly higher in the non-stimulant and alpha-2 agonist groups. Furthermore, the limited
interest for treatment adherence found among Twitter users confirms previous studies
carried out that employed other strategies [38,39].

Correct medical information is considered to be a cornerstone for the understanding of
disease and subsequent patient treatments [40,41]. Currently, access to medical information
has been generalized across the internet. For instance, we have found that one fifth of
the content related to medical treatment included a link, a majority of which was deemed
scientific in nature. This low frequency of the inclusion of links in tweets related to ADHD
pharmacological treatment contrasted with those found in a study on statins [19]. Moreover,
tweets including a link were twenty times more frequent in those posts referring to alpha-2
agonists than in those related to stimulants.

Different patterns in the use of links were also found between the different groups of
drugs analyzed. Within the group of alpha-2 agonist tweets, for instance, the majority of
tweets with a link were focused on efficacy and side effects. In contrast, among the non-
stimulant group, the majority of tweets mentioning efficacy did not include a link. These
results indicate the significant relevance of scientific information and medical research for
ADHD patients who are Twitter users. As an example, most alpha-2 agonist medications
have been approved for ADHD treatment over the last ten years, while stimulants have
been used for decades. This finding therefore supports Twitter’s value as a means of
communicating scientific content. However, it is worrying that only a limited number
of tweets referring to ADHD treatment adherence included a scientific link, especially
considering that adherence is pivotal to treatment success [7,8]. That being said, trends in
information exchanged over Twitter may still be important as studies have identified that
certain health behaviors can be affected [42,43].

Our study also shows that the names of those drugs used for ADHD treatment coin-
cided with tweets referencing political, social and other non-medical content. Furthermore,
we observed pejorative uses of these names by Twitter users. These findings suggest that so-
cial stigmatization towards mental health, as previously described, still persists, producing
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deleterious effects in the lives of people suffering from mental health conditions [44,45]. As
well, the non-medical use of psychostimulant drugs, which has not always been uncovered
via traditional surveys, has nevertheless been revealed through the analysis of Twitter
content [46].

Clinicians themselves should therefore take into consideration information posted
over social media with regard to pharmacological treatment that otherwise may not be
spontaneously reported during a patient interview. This is particularly important for
medications commonly abused or consumed over the counter, behaviors commonly hidden
by patients from doctors [47]. In this context, social media may be deemed a friendlier
place to discuss the effects of medications, especially those usually rejected by doctors. As
relates to this study, an increase in the dissemination of scientific information on ADHD
treatment and, in particular, the importance of the adherence to said treatment appears to
be a primary objective for the medical community at large.

4.2. Limitations

First, Twitter may not be reflective of the general population. Secondly, researchers
cannot directly measure clinical outcomes from tweets. Third, the codebook design and
text analysis imply a degree of subjectivity. However, this methodology is consistent
with previous medical research studies using Twitter. Furthermore, to address this last
issue, our study comprised a series of countermeasures including an initial review, design
of the codebook, and an agreement between coders. Although computerized machine
learning methods have been tested to automatically identify and classify topics in medical
research over social media, we used an analytical strategy based on raters’ clinical expertise
in psychiatry, which constituted a qualitative advantage compared to other automated
strategies [48]. Finally, we did not determine whether the date of FDA approval affected
Twitter activity differently when comparing more recent medication to older medication.

5. Conclusions

This study identified interesting beliefs and opinions regarding the pharmacological
treatment of ADHD that may affect patient behavior. Moreover, social media may be
useful for investigating the public’s prevailing attitudes when investigating particular
medications, as well as when patients report on adverse events and efficacy since both
issues can affect their choice of and adherence to treatment. Public perceptions about
medications could in turn help inform clinicians, particularly when developing treatment
guidelines. Specific to ADHD, public opinions elucidated by this study could be used to
help update guidelines, improve communication between health care professionals and
patients and ultimately help to build more viable bridges between both parties.

Author Contributions: Material preparation, data collection and analysis were performed by M.A.A.-
M., L.d.A., M.L.-V., A.A.d.B. conducted and reported statistical analysis. The first draft of the
manuscript was written by M.A.A.-M. Interpretation of data and revision of the manuscript for
important intellectual content was carried out by M.A.O., G.L., C.S. and J.Q. M.A.-M. contributed
as supervisor of all the stages. All authors have read and agreed to the published version of the
manuscript.

Funding: This work was partially supported by grants from the Fondo de Investigación de la
Seguridad Social, Instituto de Salud Carlos III (PI18/01726), Spain, and the Programa de Actividades
de I+D de la Comunidad de Madrid en Biomedicina (B2017/BMD-3804), Madrid, Spain.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Research Ethics Committee of the University of Alcala
(OE 14_2020).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.



J. Clin. Med. 2021, 10, 2668 12 of 14

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Fayyad, J.; De Graaf, R.; Kessler, R.; Alonso, J.; Angermeyer, M.; Demyttenaere, K.; De Girolamo, G.; Haro, J.M.; Karam, E.G.;

Lara, C.; et al. Cross-national prevalence and correlates of adult attention-deficit hyperactivity disorder. Br. J. Psychiatry 2007, 190,
402–409. [CrossRef]

2. Danielson, M.L.; Bitsko, R.H.; Ghandour, R.M.; Holbrook, J.R.; Kogan, M.D.; Blumberg, S.J. Prevalence of Parent-Reported ADHD
Diagnosis and Associated Treatment Among U.S. Children and Adolescents, 2016. J. Clin. Child Adolesc. Psychol. 2018, 47, 199–212.
[CrossRef]

3. Merikangas, K.R.; He, J.-P.; Brody, D.; Fisher, P.W.; Bourdon, K.; Koretz, D.S. Prevalence and treatment of mental disorders among
US children in the 2001–2004 NHANES. Pediatrics 2010, 125, 75–81. [CrossRef]

4. Hechtman, L.; Swanson, J.M.; Sibley, M.H.; Stehli, A.; Owens, E.B.; Mitchell, J.T.; Arnold, L.E.; Molina, B.S.G.; Hinshaw, S.P.;
Jensen, P.S.; et al. Functional Adult Outcomes 16 Years After Childhood Diagnosis of Attention-Deficit/Hyperactivity Disorder:
MTA Results. J. Am. Acad. Child Adolesc. Psychiatry 2016, 55, 945–952.e2. [CrossRef]

5. Roy, A.; Hechtman, L.; Arnold, L.E.; Swanson, J.M.; Molina, B.S.G.; Sibley, M.H.; Howard, A.L.; MTA Cooperative Group.
Childhood Predictors of Adult Functional Outcomes in the Multimodal Treatment Study of Attention-Deficit/Hyperactivity
Disorder (MTA). J. Am. Acad. Child Adolesc. Psychiatry 2017, 56, 687–695.e7. [CrossRef]

6. Wolraich, M.L.; Hagan, J.F.; Allan, C.; Chan, E.; Davison, D.; Earls, M.; Evans, S.W.; Flinn, S.K.; Froehlich, T.; Frost, J.; et al. Clinical
Practice Guideline for the Diagnosis, Evaluation, and Treatment of Attention-Deficit/Hyperactivity Disorder in Children and
Adolescents. Pediatrics 2019, 144, e20192528. [CrossRef]

7. Pappadopulos, E.; Jensen, P.S.; Chait, A.R.; Arnold, L.E.; Swanson, J.M.; Greenhill, L.L.; Hechtman, L.; Chuang, S.; Wells, K.C.;
Pelham, W.; et al. Medication adherence in the MTA: Saliva methylphenidate samples versus parent report and mediating effect
of concomitant behavioral treatment. J. Am. Acad. Child Adolesc. Psychiatry 2009, 48, 501–510. [CrossRef]

8. Schaefer, M.R.; Wagoner, S.T.; Young, M.E.; Rawlinson, A.R.; Kavookjian, J.; Shapiro, S.K.; Gray, W.N. Subjective Versus Objective
Measures of Medication Adherence in Adolescents/Young Adults with Attention-Deficit Hyperactivity Disorder. J. Dev. Behav.
Pediatr. 2019, 40, 54–59. [CrossRef]

9. Alvarez-Mon, M.A.; Asunsolo del Barco, A.; Lahera, G.; Quintero, J.; Ferre, F.; Pereira-Sanchez, V.; Ortuño, F.; Alvarez-Mon, M.
Increasing Interest of Mass Communication Media and the General Public in the Distribution of Tweets About Mental Disorders:
Observational Study. J. Med. Internet Res. 2018, 20, e205. [CrossRef] [PubMed]

10. Saha, K.; Torous, J.; Kiciman, E.; De Choudhury, M. Understanding Side Effects of Antidepressants: Large-scale Longitudinal
Study on Social Media Data. JMIR Ment. Health 2021, 8, e26589. [CrossRef]

11. Colditz, J.B.; Chu, K.-H.; Emery, S.L.; Larkin, C.R.; James, A.E.; Welling, J.; Primack, B.A. Toward Real-Time Infoveillance of
Twitter Health Messages. Am. J. Public Health 2018, 108, 1009–1014. [CrossRef]

12. Teo, A.R.; Strange, W.; Bui, R.; Dobscha, S.K.; Ono, S.S. Responses to Concerning Posts on Social Media and Their Implications for
Suicide Prevention Training for Military Veterans: Qualitative Study. J. Med. Internet Res. 2020, 22, e22076. [CrossRef]

13. Sinnenberg, L.; Buttenheim, A.M.; Padrez, K.; Mancheno, C.; Ungar, L.; Merchant, R.M. Twitter as a Tool for Health Research: A
Systematic Review. Am. J. Public Health 2017, 107, e1–e8. [CrossRef]

14. Dol, J.; Tutelman, P.R.; Chambers, C.T.; Barwick, M.; Drake, E.K.; Parker, J.A.; Parker, R.; Benchimol, E.I.; George, R.B.; Witteman,
H.O. Health Researchers’ Use of Social Media: Scoping Review. J. Med. Internet Res. 2019, 21, e13687. [CrossRef]

15. Martinez, B.; Dailey, F.; Almario, C.V.; Keller, M.S.; Desai, M.; Dupuy, T.; Mosadeghi, S.; Whitman, C.; Lasch, K.; Ursos, L.; et al.
Patient Understanding of the Risks and Benefits of Biologic Therapies in Inflammatory Bowel Disease. Inflamm. Bowel Dis. 2017,
23, 1057–1064. [CrossRef]

16. Golder, S.; Bach, M.; O’Connor, K.; Gross, R.; Hennessy, S.; Gonzalez Hernandez, G. Public Perspectives on Anti-Diabetic Drugs:
Exploratory Analysis of Twitter Posts. JMIR Diabetes 2021, 6, e24681. [CrossRef]

17. Nanna, M.G.; Navar, A.M.; Zakroysky, P.; Xiang, Q.; Goldberg, A.C.; Robinson, J.; Roger, V.L.; Virani, S.S.; Wilson, P.W.F.; Elassal,
J.; et al. Association of Patient Perceptions of Cardiovascular Risk and Beliefs on Statin Drugs With Racial Differences in Statin Use:
Insights From the Patient and Provider Assessment of Lipid Management Registry. JAMA Cardiol. 2018, 3, 739–748. [CrossRef]

18. Wei, M.Y.; Ito, M.K.; Cohen, J.D.; Brinton, E.A.; Jacobson, T.A. Predictors of statin adherence, switching, and discontinuation in
the USAGE survey: Understanding the use of statins in America and gaps in patient education. J. Clin. Lipidol. 2013, 7, 472–483.
[CrossRef] [PubMed]

19. Golder, S.; O’Connor, K.; Hennessy, S.; Gross, R.; Gonzalez-Hernandez, G. Assessment of Beliefs and Attitudes About Statins
Posted on Twitter. JAMA Netw. Open 2020, 3, e208953. [CrossRef]

20. Lachmar, E.M.; Wittenborn, A.K.; Bogen, K.W.; McCauley, H.L. #MyDepressionLooksLike: Examining Public Discourse about
Depression on Twitter. JMIR Ment. Health 2017, 4, e43.

21. Berry, N.; Lobban, F.; Belousov, M.; Emsley, R.; Nenadic, G.; Bucci, S. #WhyWeTweetMH: Understanding Why People Use Twitter
to Discuss Mental Health Problems. J. Med. Internet Res. 2017, 19, e107.

22. Viguria, I.; Alvarez-Mon, M.A.; Llavero-Valero, M.; Asunsolo Del Barco, A.; Ortuño, F.; Alvarez-Mon, M. Eating Disorder
Awareness Campaigns: Thematic and Quantitative Analysis Using Twitter. J. Med. Internet Res. 2020, 22, e17626. [CrossRef]

http://doi.org/10.1192/bjp.bp.106.034389
http://doi.org/10.1080/15374416.2017.1417860
http://doi.org/10.1542/peds.2008-2598
http://doi.org/10.1016/j.jaac.2016.07.774
http://doi.org/10.1016/j.jaac.2017.05.020
http://doi.org/10.1542/peds.2019-2528
http://doi.org/10.1097/CHI.0b013e31819c23ed
http://doi.org/10.1097/DBP.0000000000000602
http://doi.org/10.2196/jmir.9582
http://www.ncbi.nlm.nih.gov/pubmed/29807880
http://doi.org/10.2196/26589
http://doi.org/10.2105/AJPH.2018.304497
http://doi.org/10.2196/22076
http://doi.org/10.2105/AJPH.2016.303512
http://doi.org/10.2196/13687
http://doi.org/10.1097/MIB.0000000000001110
http://doi.org/10.2196/24681
http://doi.org/10.1001/jamacardio.2018.1511
http://doi.org/10.1016/j.jacl.2013.03.001
http://www.ncbi.nlm.nih.gov/pubmed/24079289
http://doi.org/10.1001/jamanetworkopen.2020.8953
http://doi.org/10.2196/17626


J. Clin. Med. 2021, 10, 2668 13 of 14

23. Alvarez-Mon, M.A.; Llavero-Valero, M.; Sánchez-Bayona, R.; Pereira-Sanchez, V.; Vallejo-Valdivielso, M.; Monserrat, J.; Lahera,
G.; Asunsolo del Barco, A.; Alvarez-Mon, M. Areas of Interest and Stigmatic Attitudes of the General Public in Five Relevant
Medical Conditions: Thematic and Quantitative Analysis Using Twitter. J. Med. Internet Res. 2019, 21, e14110. [CrossRef]

24. Pereira-Sanchez, V.; Alvarez-Mon, M.A.; Asunsolo del Barco, A.; Alvarez-Mon, M.; Teo, A. Exploring the Extent of the Hikikomori
Phenomenon on Twitter: Mixed Methods Study of Western Language Tweets. J. Med. Internet Res. 2019, 21, e14167. [CrossRef]

25. Mohammed, M.A.; Moles, R.J.; Chen, T.F. Medication-related burden and patients’ lived experience with medicine: A systematic
review and metasynthesis of qualitative studies. BMJ Open 2016, 6, e010035. [CrossRef]

26. Loewen, O.K.; Maximova, K.; Ekwaru, J.P.; Asbridge, M.; Ohinmaa, A.; Veugelers, P.J. Adherence to Life-Style Recommendations
and Attention-Deficit/Hyperactivity Disorder. Psychosom. Med. 2020, 82, 305–315. [CrossRef]

27. Pringsheim, T.; Stewart, D.G.; Chan, P.; Tehrani, A.; Patten, S.B. The Pharmacoepidemiology of Psychotropic Medication Use in
Canadian Children from 2012 to 2016. J. Child Adolesc. Psychopharmacol. 2019, 29, 740–745. [CrossRef]

28. Cortese, S.; Adamo, N.; Del Giovane, C.; Mohr-Jensen, C.; Hayes, A.J.; Carucci, S.; Atkinson, L.Z.; Tessari, L.; Banaschewski, T.;
Coghill, D.; et al. Comparative efficacy and tolerability of medications for attention-deficit hyperactivity disorder in children,
adolescents, and adults: A systematic review and network meta-analysis. Lancet Psychiatry 2018, 5, 727–738. [CrossRef]

29. Gillespie-Lynch, K.; Kapp, S.K.; Shane-Simpson, C.; Smith, D.S.; Hutman, T. Intersections between the autism spectrum and
the internet: Perceived benefits and preferred functions of computer-mediated communication. Intellect. Dev. Disabil. 2014, 52,
456–469. [CrossRef] [PubMed]

30. Birnbaum, M.L.; Rizvi, A.F.; Correll, C.U.; Kane, J.M.; Confino, J. Role of social media and the Internet in pathways to care for
adolescents and young adults with psychotic disorders and non-psychotic mood disorders. Early Interv. Psychiatry 2017, 11,
290–295. [CrossRef] [PubMed]

31. Passerello, G.L.; Hazelwood, J.E.; Lawrie, S. Using Twitter to assess attitudes to schizophrenia and psychosis. BJPsych Bull. 2019,
43, 158–166. [CrossRef] [PubMed]

32. Gray, W.N.; Kavookjian, J.; Shapiro, S.K.; Wagoner, S.T.; Schaefer, M.R.; Resmini Rawlinson, A.; Hinnant, J.B. Transition to College
and Adherence to Prescribed Attention Deficit Hyperactivity Disorder Medication. J. Dev. Behav. Pediatr. 2017, 39, 1–9. [CrossRef]
[PubMed]

33. Guntuku, S.C.; Ramsay, J.R.; Merchant, R.M.; Ungar, L.H. Language of ADHD in Adults on Social Media. J. Atten. Disord. 2019,
23, 1475–1485. [CrossRef] [PubMed]

34. Charach, A. Editorial: Time for a New Conversation on Stimulant Use. J. Am. Acad. Child Adolesc. Psychiatry 2020, 59, 929–930.
[CrossRef]

35. Eysenbach, G. Infodemiology and Infoveillance: Framework for an Emerging Set of Public Health Informatics Methods to Analyze
Search, Communication and Publication Behavior on the Internet. J. Med. Internet Res. 2009, 11, e11. [CrossRef] [PubMed]

36. Teter, C.J.; McCabe, S.E.; Cranford, J.A.; Boyd, C.J.; Guthrie, S.K. Prevalence and motives for illicit use of prescription stimulants
in an undergraduate student sample. J Am. Coll. Health 2005, 53, 253–262. [CrossRef] [PubMed]

37. Pliszka, S.R.; Crismon, M.L.; Hughes, C.W.; Corners, C.K.; Emslie, G.J.; Jensen, P.S.; McCRACKEN, J.T.; Swanson, J.M.; Lopez,
M.; Texas Consensus Conference Panel on Pharmacotherapy of Childhood Attention Deficit Hyperactivity Disorder. The Texas
Children’s Medication Algorithm Project: Revision of the algorithm for pharmacotherapy of attention-deficit/hyperactivity
disorder. J. Am. Acad. Child Adolesc. Psychiatry 2006, 45, 642–657. [CrossRef]

38. Emilsson, M.; Gustafsson, P.; Öhnström, G.; Marteinsdottir, I. Impact of personality on adherence to and beliefs about ADHD
medication, and perceptions of ADHD in adolescents. BMC Psychiatry 2020, 20, 139. [CrossRef]

39. Biederman, J.; Fried, R.; DiSalvo, M.; Woodworth, K.Y.; Biederman, I.; Driscoll, H.; Noyes, E.; Faraone, S.V.; Perlis, R.H. Further
evidence of low adherence to stimulant treatment in adult ADHD: An electronic medical record study examining timely renewal
of a stimulant prescription. Psychopharmacology 2020, 237, 2835–2843. [CrossRef]

40. Felnhofer, A.; Bussek, T.; Goreis, A.; Kafka, J.X.; König, D.; Klier, C.; Zesch, H.; Kothgassner, O.D. Mothers’ and Fathers’
Perspectives on the Causes of Their Child’s Disorder. J. Pediatr. Psychol. 2020, 45, 803–811. [CrossRef]

41. Oerbeck, B.; Furu, K.; Zeiner, P.; Aase, H.; Reichborn-Kjennerud, T.; Pripp, A.H.; Overgaard, K.R. Child and Parental Charac-
teristics of Medication Use for Attention-Deficit/Hyperactivity Disorder. J. Child Adolesc. Psychopharmacol. 2020, 30, 456–464.
[CrossRef]

42. Turner-McGrievy, G.M.; Beets, M.W. Tweet for health: Using an online social network to examine temporal trends in weight
loss-related posts. Transl. Behav. Med. 2015, 5, 160–166. [CrossRef] [PubMed]

43. Booth, R.G.; Allen, B.N.; Bray Jenkyn, K.M.; Li, L.; Shariff, S.Z. Youth Mental Health Services Utilization Rates After a Large-Scale
Social Media Campaign: Population-Based Interrupted Time-Series Analysis. JMIR Ment. Health 2018, 5, e27. [CrossRef]
[PubMed]

44. Robinson, P.; Turk, D.; Jilka, S.; Cella, M. Measuring attitudes towards mental health using social media: Investigating stigma and
trivialisation. Soc. Psychiatry Psychiatr. Epidemiol. 2019, 54, 51–58. [CrossRef] [PubMed]

45. Joseph, A.J.; Tandon, N.; Yang, L.H.; Duckworth, K.; Torous, J.; Seidman, L.J.; Keshavan, M.S. #Schizophrenia: Use and misuse on
Twitter. Schizophr. Res. 2015, 165, 111–115.

46. Hanson, C.L.; Burton, S.H.; Giraud-Carrier, C.; West, J.H.; Barnes, M.D.; Hansen, B. Tweaking and Tweeting: Exploring Twitter
for Nonmedical Use of a Psychostimulant Drug (Adderall) Among College Students. J. Med. Internet Res. 2013, 15, e62. [CrossRef]

http://doi.org/10.2196/14110
http://doi.org/10.2196/14167
http://doi.org/10.1136/bmjopen-2015-010035
http://doi.org/10.1097/PSY.0000000000000787
http://doi.org/10.1089/cap.2019.0018
http://doi.org/10.1016/S2215-0366(18)30269-4
http://doi.org/10.1352/1934-9556-52.6.456
http://www.ncbi.nlm.nih.gov/pubmed/25409132
http://doi.org/10.1111/eip.12237
http://www.ncbi.nlm.nih.gov/pubmed/25808317
http://doi.org/10.1192/bjb.2018.115
http://www.ncbi.nlm.nih.gov/pubmed/30784393
http://doi.org/10.1097/DBP.0000000000000511
http://www.ncbi.nlm.nih.gov/pubmed/28991147
http://doi.org/10.1177/1087054717738083
http://www.ncbi.nlm.nih.gov/pubmed/29115168
http://doi.org/10.1016/j.jaac.2019.10.004
http://doi.org/10.2196/jmir.1157
http://www.ncbi.nlm.nih.gov/pubmed/19329408
http://doi.org/10.3200/JACH.53.6.253-262
http://www.ncbi.nlm.nih.gov/pubmed/15900989
http://doi.org/10.1097/01.chi.0000215326.51175.eb
http://doi.org/10.1186/s12888-020-02543-x
http://doi.org/10.1007/s00213-020-05576-y
http://doi.org/10.1093/jpepsy/jsaa056
http://doi.org/10.1089/cap.2019.0019
http://doi.org/10.1007/s13142-015-0308-1
http://www.ncbi.nlm.nih.gov/pubmed/26029278
http://doi.org/10.2196/mental.8808
http://www.ncbi.nlm.nih.gov/pubmed/29625954
http://doi.org/10.1007/s00127-018-1571-5
http://www.ncbi.nlm.nih.gov/pubmed/30069754
http://doi.org/10.2196/jmir.2503


J. Clin. Med. 2021, 10, 2668 14 of 14

47. Cassidy, T.A.; McNaughton, E.C.; Varughese, S.; Russo, L.; Zulueta, M.; Butler, S.F. Nonmedical Use of Prescription ADHD
Stimulant Medications Among Adults in a Substance Abuse Treatment Population. J. Atten. Disord. 2015, 19, 275–283. [CrossRef]
[PubMed]

48. Saha, K.; Torous, J.; Ernala, S.K.; Rizuto, C.; Stafford, A.; De Choudhury, M. A computational study of mental health awareness
campaigns on social media. Transl. Behav. Med. 2019, 9, 1197–1207. [CrossRef]

http://doi.org/10.1177/1087054713493321
http://www.ncbi.nlm.nih.gov/pubmed/23900405
http://doi.org/10.1093/tbm/ibz028

	Introduction 
	Materials and Methods 
	Data Collection 
	Search Tool 
	Content Analysis Process 
	Measuring Influence and Interest on Twitter 
	Ethical Considerations 
	Statistical Analysis 

	Results 
	Stimulants Accumulated the Most Interest among Twitter Users 
	Scientific Links Were Mainly Found in Alpha-2 Agonist-Related Tweets 
	Stimulant Related Tweets Were the Most Disseminated within the Twitter Community 

	Discussion 
	Principal Findings 
	Limitations 

	Conclusions 
	References

