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ABSTRACT
Objectives We hypothesise that patients have a 
positive sentiment regarding biological/targeted synthetic 
disease modifying anti- rheumatic drugs (b/tsDMARDs) 
and a negative sentiment towards conventional synthetic 
agents (csDMARDs). We analysed discussions on social 
media platforms regarding DMARDs to understand 
the collective sentiment expressed towards these 
medications.
Methods Treato analytics were used to download all 
available posts on social media about DMARDs in the 
context of rheumatoid arthritis. Strict filters ensured that 
user generated content was downloaded. The sentiment 
(positive or negative) expressed in these posts was 
analysed for each DMARD using sentiment analysis. We 
also analysed the reason(s) for this sentiment for each 
DMARD, looking specifically at efficacy and side effects.
Results Computer algorithms analysed millions of 
social media posts and included 54 742 posts about 
DMARDs. We found that both classes had an overall 
positive sentiment. The ratio of positive to negative posts 
was higher for b/tsDMARDs (1.210) than for csDMARDs 
(1.048). Efficacy was the most commonly mentioned 
reason in posts with a positive sentiment and lack of 
efficacy was the most commonly mentioned reason 
for a negative sentiment. These were followed by the 
presence/absence of side effects in negative or positive 
posts, respectively.
Conclusions Public opinion on social media is generally 
positive about DMARDs. Lack of efficacy followed by 
side effects were the most common themes in posts 
with a negative sentiment. There are clear reasons why 
a DMARD generates a positive or negative sentiment, as 
the sentiment analysis technology becomes more refined, 
targeted studies could be done to analyse these reasons 
and allow clinicians to tailor DMARDs to match patient 
needs.

INTRODUCTION
Rheumatoid arthritis (RA) is an incurable disease 
with an incidence of ~1%.1 It is characterised by 
inflammation leading to irreversible destruction 
of the joints. It is associated with considerable 
morbidity, mortality and health related costs.2 
Current management of RA involves the early 
institution of disease modifying anti- rheumatic 
drugs (DMARDs), initially with conventional 
synthetic agents (csDMARDs), followed by 
biological DMARDs/targeted synthetic DMARDs 
(bDMARDs/tsDMARDs) if required. The number of 

b/tsDMARDs available for RA has rapidly increased 
over the past few years, as have the total healthcare 
costs associated with them. Despite there being an 
improvement in outcomes for RA patients, medica-
tion adherence rates, especially with csDMARDs, 
have been poor with some studies showing full 
adherence in as few as 30% of patients.3 4 Evidence 
is emerging that some patients are progressing to 
b/tsDMARDs without using csDMARDs as prior 
or cotherapy, in contrast to guidelines and typical 
regulatory rules.5

Patient concordance with medications is associ-
ated with improved outcomes in RA.6 7 One of the 
biggest factors affecting concordance is the patient’s 
personal belief about the disease and medications.8 

Key messages

What is already known about this subject?
 ► Clinicians views regarding the disease 
modifying anti- rheumatic drugs (DMARDs).

What does this study add?
 ► First study conducted that analyses public 
opinion on DMARDs used in rheumatoid 
arthritis at such a massive scale.

 ► This study shows that:
 – Social media analysis can improve our 

understanding of patient beliefs towards 
DMARDs.

 – Public sentiment is positive towards the 
biological DMARDs.

 – Public sentiment is slightly negative towards 
methotrexate primarily due to side effects.

 – Efficacy is the strongest cause of a positive 
sentiment followed by lack of side effects.

How might this impact on clinical practice or 
future developments?

 ► More and more patients are researching 
their medications online and discussing them 
on social media. This is having a significant 
impact on their beliefs and compliance. This 
study educates clinicians about the prevailing 
sentiment as it exists towards various DMARDs, 
and the specific concerns that patients have 
about the DMARDs. Thus, allowing them to 
better counsel their patients and prepare them 
for what they might encounter on their search 
online.
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Studies have shown that in order to improve adherence with 
DMARDs, clinicians should focus less on provision of medical 
information and be more aware of patients’ beliefs.9 Under-
standing patient beliefs however is difficult and often relies on 
qualitative studies which are excellent at providing an in- depth 
thematic analysis of a specific issue, but are traditionally 
conducted on a small scale.

Social media is widely used by patients to discuss medical 
issues10; in 2012, 26% of internet users were using social media 
for health issues, making it a rich source of information about 
patient beliefs.11 A common technique for analysing social media 
content is sentiment Analysis (SA), which involves analysing 
the sentiment expressed in textual content.12 Such analysis has 
already been shown to have utility in industries such as enter-
tainment and stock market.13 14

We aimed to understand patient perceptions about DMARD 
therapy as expressed on social media. Our primary objective was 
to undertake SA of all available DMARDs to assess the aggregate 
sentiment towards each category. Our secondary objective was 
to identify themes within the positive and negative sentiment 
that could shed light on patient beliefs.

METHODS
We used the services of the web analytics firm Treato. The Treato 
platform automatically identifies, collects and analyses publicly 
available user- generated content on health- related topics from 
over 10 000 sources. These sources include the publicly available 
data on social networks such as Facebook and Twitter, discussion 
forums and blogs. Over 3 billion posts were analysed from these 
sources. The data are then analysed using a patented algorithm 
that applies natural language processing to this content to identify 
medical concepts mentioned in text, and extract patients’ self- 
reported descriptions of their experiences with various health 
conditions and medications. These medical experiences were 
then mapped on to formal concepts in a medical ontology. Trea-
to’s algorithms combine various medical ontologies including 
those used by the Food and Drug Administration for coding. This 
process includes resolving conceptual synonyms of medical terms 
(eg, ‘fatigue’ and ‘tired’ were assigned the same concept code); 
resolution of patient- specific phrases (eg, ‘pain in my joints’ and 
‘my joints hurt’) to medical terms; word- sense disambiguation 
algorithms (eg, ‘BP’ could refer to bi- polar disorder, blood pres-
sure or a bisphosphonate medication); and medication synonyms 
(eg, generic and brand names for the same medication).

The data used in this study were limited to posts written in the 
English language. The unit of analysis for this study was an indi-
vidual post. In order for a post to be included in the final analysis 
it needed to be user generated content mentioning at least one 
of the thirteen current DMARDs (methotrexate, leflunomide, 
sulfasalazine, hydroxychloroquine, adalimumab, etanercept, 
certolizumab, golimumab, tocilizumab, tofacitinib, rituximab, 
abatacept and infliximab) in the context of RA.

Included posts were then subject to Treato’s SA algorithms 
for further categorisation into posts with positive or negative 
sentiment. The two most common reasons for a positive post 
were DMARD efficacy and lack of side effects. Conversely, the 
most common reasons for a negative post were lack of efficacy 
and side effects. Therefore, the positive and negative tagging is 
not mutually exclusive since a post may contain both positive 
and negative experiences about the same medication. Treato 
also compiled data on the most common concerns that were 
frequently listed by patients on various DMARDs. These data 
were then provided to us for interpretation.

The overall sentiment for each DMARD was expressed as the 
ratio of the positive to negative posts for that DMARD. A ratio 
greater than one indicated an overall positive sentiment. Demo-
graphic information was collected where available.

While the algorithms were able to assign sentiment and 
extract information regarding efficacy and side effects for all the 
DMARDs, the final numbers were not available for hydroxy-
chloroquine and abatacept, which were then manually extracted. 
In order to ensure that the results were valid for hydroxychlo-
roquine and abatacept, this process of manual extraction was 
repeated for all the other DMARDs. There were negligible differ-
ences (0%–3%) between the algorithm and manual extraction 
across the categories of the DMARDs which likely reflect the 
difference in dates when the data were provided by Treato’s 
algorithms and when it was manually extracted (additional posts 
on social media). This difference was not felt to be large enough 
to have a significant impact on the overall interpretation of the 
results.

Statistics
We used Cohen’s kappa coefficient to assess inter- rater agree-
ment between Treato and manual assessment of sentiment. A 
comparison in proportions test was conducted to search for 
significant differences in positive sentiment for efficacy across b/
tsDMARDs and concerns raised by patients on both csDMARDs 
and bDMARDs. Statistical significance was assumed at p<0.05.

RESULTS
Treato collected data prospectively from July 2017 till October 
2018, and also analysed available data retrospectively. We 
collected 28 261 posts on b/tsDMARDs and 26 841 posts on 
csDMARDs, with some overlap. The individual breakdown 
of the DMARDs and the positive and negative posts is shown 
in table 1. Treato’s algorithms identified majority (89.6% 
and 88.8%, respectively) of the posts on b/tsDMARDs and 
csDMARDs as being written by patients. As a validation exer-
cise, 200 posts were manually assessed and assigned a sentiment. 
This was compared with the sentiment assigned by Treato’s algo-
rithms for these posts. Agreement between sentiment assessed by 
machine and human was moderate (csDMARDs k=0.49 and b/
tsDMARDs k=0.52).15

b/tsDMARDs
Content about b/tsDMARDs was collected from 497 publicly 
available forums. The greatest proportion (7969/28 261 posts) 
were obtained from Facebook. The 10 most popular social 
media platforms used to publish these posts are shown in table 2. 
Geolocation data were available on 1837 posts which identified 
users from 34 countries. Majority of the posts (95.4%) were 
from USA (1349), UK (162), Canada (155), Australia (55) and 
Mexico (15).

The ratio of total positive to negative posts was 1.21, thus indi-
cating an overall positive sentiment. Each of the b/tsDMARDs 
had a greater number of positive than negative posts. Efficacy 
was the most common theme identified within posts assigned a 
positive sentiment (>80% of positive posts), followed by lack 
of side effects (13% of positive posts) (table 3). Comparing b/
tsDMARDs to each other in terms of the proportion of patients 
who posted a positive post due to efficacy, revealed etanercept 
as being the most popular by having a significantly superior 
difference in proportion to three other b/tsDMARDs (rituximab, 
infliximab and tofacitinib) (table 4).
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While lack of efficacy was also the most common theme in 
posts with a negative sentiment, side effect concerns were a more 
prominent cause of negative sentiment posts than lack of side 
effects were for positive sentiment posts (table 3).

The most common concerns raised by patients who wrote 
a negative post on b/tsDMARDs are depicted in table 5. Joint 
pain was the most common but the next three reasons for a 
negative sentiment were due to side effects (‘rash’, ‘nausea’ and 
‘itching’). Infections were also a prominent reason for a nega-
tive sentiment, with four of the top 20 reasons being occupied 
by infectious causes (‘fever’, ‘pneumonia’, ‘common cold’ and 
‘sinus infections’).

csDMARDs
Posts about csDMARDs were collected from 515 social media 
sites. Ten websites contributed 69% (18 503) of all the posts 
(table 2). Geolocation was only available for 5% (1441) of the 
posts. Among these, however, 36 countries were represented. 
The majority of the posts (93.3%) came from USA (904), UK 
(174), Canada (142), Australia (90) and New Zealand (35).

The ratio of total positive to negative posts was 1.048, indi-
cating an overall positive sentiment. The individual ratios 
revealed a negative sentiment for sulfasalazine (0.97) and 
methotrexate (0.995), and positive for leflunomide (1.09) and 
hydroxychloroquine (1.26) (table 1).

Efficacy was the most common theme in posts with a posi-
tive sentiment for all the csDMARDs (table 6). While lack of 
efficacy was the most common theme in posts with a negative 

sentiment, its overall share was lower than what was seen in 
posts with a positive sentiment. Approximately half of the nega-
tive posts regarding methotrexate discussed either lack of effi-
cacy (50.08%) or side effects (44.94%). For hydroxychloroquine 
and sulfasalazine, a higher proportion of negative posts discussed 
lack of efficacy (56.42% and 53.81%, respectively) versus side 
effects (40.28% and 31.68%, respectively). Leflunomide saw a 
slightly larger share of negative sentiment posts discussing side 
effects (18.15%), with discussions on lack of efficacy accounting 
for 16.86% of the negative sentiment posts. Of the patients who 
gave methotrexate an overall negative sentiment, 7.18% still felt 
that it was effective, these numbers were lower for sulfasalazine 
(4.96%) and leflunomide (3.2%) (table 6).

The most common concerns associated with a negative senti-
ment are shown in table 5. ‘Nausea’ was the most common, 
closely followed by ‘joint pain’. The remainder of the list was 
strongly populated with side effect mentions including ‘hair loss’ 
‘allergy’ ‘rash’ and ‘stomach problems’.

b/tsDMARDs versus csDMARDs
More patients on b/tsDMARDs were significantly more likely 
to positively post due to efficacy (85.74%) as compared with 
csDMARDs (78.71%), difference of 7.03% (95% CI 6.15% 
to 7.91%; p<0.0001). However, patients on csDMARDs 
were significantly more likely to assign a positive sentiment 
due to lack of side effects (17.47%) as opposed to those on b/
tsDMARDs (13.14%), difference of 4.33% (95% CI 3.5% to 
5.16%; p<0.0001).

Concerns about medications were broadly similar in posts 
about either csDMARDs or b/tsDMARDs (table 5). However, 
posts about b/tsDMARDs were significantly more likely to 
contain descriptions of joint pain, drug reactions (rash and 
itching) and cancer, whereas posts about csDMARDs contained 

Table 1 Aggregate sentiment

Number of posts Per cent Ratio P/N

bDMARD

  Enbrel positive 5210 18.4 1.35

  Enbrel negative 3852 13.6   

  Infliximab positive 2636 9.3 1.1

  Infliximab negative 2405 8.5   

  Adalimumab positive 4419 15.6 1.08

  Adalimumab negative 4107 14.5   

  Certolizumab positive 461 1.6 1.11

  Certolizumab negative 415 1.5   

  Golimumab positive 306 1.1 1.26

  Golimumab negative 243 0.9   

  Tocilizumab positive 384 1.4 1.40

  Tocilizumab negative 274 1.0   

  Abatacept positive 774 2.7 1.16

  Abatacept negative 694 2.5   

  Tofacitinib positive 346 1.2 1.71

  Tofacitinib negative 202 0.7   

  Rituximab positive 918 3.2 1.49

  Rituximab negative 615 2.2   

csDMARD

  MTX positive 9058 33.7 0.995

  MTX negative 9103 33.9   

  HCQ positive 3026 11.3 1.26

  HCQ negative 2398 8.9   

  SZS positive 803 3.0 0.97

  SZS negative 827 3.1   

  LEF positive 849 3.2 1.09

  LEF negative 777 2.9   

bDMARD, biological disease modifying anti- rheumatic drug; csDMARD, conventional 
synthetic disease modifying anti- rheumatic drug; HCQ, Hydroxychloroquine; LEF, 
Leflunomide; MTX, Methotrexate; SZS, Sulfasalazine.

Table 2 Social media platforms

Number of posts Per cent
Cumulative 
per cent

bDMARDs

  facebook.com 7969 28.2 28.2

  inspire.com 3032 10.7 38.9

  healingwell.com 1738 6.1 45.1

  dailystrength.org 1735 6.1 51.2

  community.arthritis.org 1551 5.5 56.7

  reddit.com 1297 4.6 61.3

  healthunlocked.com 1057 3.7 65

  remedyspot.com 902 3.2 68.2

  crohnsforum.com 795 2.8 71

  arthritiscareforum.org.uk 540 1.9 72.9

csDMARDs

  facebook.com 6638 24.7 24.7

  healthunlocked.com 2184 8.1 32.9

  dailystrength.org 1956 7.3 40.2

  inspire.com 1689 6.3 46.4

  community.arthritis.org 1318 4.9 51.4

  reddit.com 1100 4.1 55.5

  remedyspot.com 1088 4.1 59.5

  arthritiscareforum.org.uk 1003 3.7 63.2

  healingwell.com 879 3.3 66.5

  psoriasis-help.org.uk 648 2.4 68.9

bDMARD, biological disease modifying anti- rheumatic drug; csDMARD, conventional 
synthetic disease modifying anti- rheumatic drug.

http://facebook.com
http://inspire.com
http://healingwell.com
http://dailystrength.org
http://community.arthritis.org
http://reddit.com
http://healthunlocked.com
http://remedyspot.com
http://crohnsforum.com
http://arthritiscareforum.org.uk
http://facebook.com
http://healthunlocked.com
http://dailystrength.org
http://inspire.com
http://community.arthritis.org
http://reddit.com
http://remedyspot.com
http://arthritiscareforum.org.uk
http://healingwell.com
http://psoriasis-help.org.uk
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more descriptions of weight loss, hair loss and nausea. Posts on 
csDMARDs were more likely to be on gastrointestinal issues such 
as ‘stomach problems’, ‘diarrhoea’ and ‘vomiting’. Allergic reac-
tions to the medications were also a common reason for negative 
sentiment with csDMARDs, particularly sulfasalazine (10.1% of 
all negative posts, vs 3.66% for all other csDMARDs). Infec-
tions were mentioned more frequently in posts on b/tsDMARDs 
(10.54% vs 5.76%; p<0.0001). Among the b/tsDMARDs, shin-
gles was more frequently mentioned in association with tofaci-
tinib than the other b/tsDMARDs combined (5.4% vs 0.7% of 
negative posts; p<0.0001).

DISCUSSION
Our study supports our hypothesis that the collective sentiment 
was skewed positively in favour of the b/tsDMARDs over the 
csDMARDs. While all the b/tsDMARDs had a positive sentiment, 
this was only true for hydroxychloroquine and leflunomide among 
the csDMARDs.

We found efficacy and side effects to be the most commonly 
discussed topics in posts with positive and negative sentiment. These 
findings mirror those of a recent study that investigated the reasons 
for bDMARD discontinuation in RA patients and found that lack 
of efficacy followed by side effects as the two biggest factors.16 The 

ratio of positive to negative posts for b/tsDMARDs ranged from 1.71 
for tofacitinib to 1.08 for adalimumab. Tofacitinib had 81.21% of 
its positive posts discussing efficacy, this was lower than the other 
b/tsDMARDs and methotrexate. However, tofacitinib also had the 
highest percentage of positive posts discussing lack of side effects 
(20.23%) which contributed to its overall high ratio of positive to 
negative posts. However, side effects were also the most common 
theme in posts with a negative sentiment towards tofacitinib with 
50% of negative posts describing side effects, the highest across both 
the categories of DMARDs. Tofacitinib appears to have a polarising 
effect on patients with regards to side effects with both significant 
positivity and negativity associated with it. The literature regarding 
side effects with tofacitinib however does not reveal any such polar-
ising factors.17–19 Tofacitinib had the least number of posts (548) 
across both categories of DMARDs, which likely played a role in the 
occurrence of such diverse results.

All the b/tsDMARDs had at least 80% of their positive posts 
discussing efficacy. While etanercept had significantly higher posts 
commenting positively due to efficacy than some of the other b/
tsDMARDs, the absolute difference in proportions was small and 
unlikely to be clinically meaningful. It is interesting to note that the 
three b/tsDMARDs that had a lower proportion of efficacy posts 

Table 3 bDMARD positive and negative sentiment for efficacy and side effects
bDMARD positive sentiment

bDMARD Efficacy posts Total positive posts Percentage Posts stating ‘no side effects’ Total number of positive posts Percentage

Infliximab 2239 2636 84.94 308 2636 11.68

Abatacept 666 774 86.04 109 774 14.08

Adalimumab 3769 4419 85.29 616 4419 13.94

Certolizumab 383 461 83.08 76 461 16.49

Golimumab 264 306 86.27 48 306 15.69

Rituximab 777 918 84.64 143 918 15.58

Tocilizumab 335 384 87.24 51 384 13.28

Tofacitinib 281 346 81.21 70 346 20.23

Etanercept 4536 5210 87.06 610 5210 11.71

bDMARD negative sentiment

bDMARD Lack of efficacy posts Total negative posts Percentage Side effects posts Total negative posts Percentage

Infliximab 1265 2405 52.60 983 2405 40.87

Abatacept 437 694 62.97 259 694 37.32

Adalimumab 2500 4107 60.87 1429 4107 34.79

Certolizumab 249 415 60 163 415 39.28

Golimumab 187 243 76.95 53 243 21.81

Rituximab 347 615 56.42 243 615 39.51

Tocilizumab 143 274 52.19 132 274 48.18

Tofacitinib 102 202 50.5 102 202 50.50

Etanercept 2344 3852 60.85 1387 3852 36.00

bDMARD, biological disease modifying anti- rheumatic drug.

Table 4 Comparison of proportion of positive sentiment for efficacy among biological disease modifying anti- rheumatic drugs

Abatacept 
86.04%

Adalimumab 
85.29%

Certolizumab 
83.08%

Etanercept 
87.06%

Golimumab 
86.27%

Infliximab 
84.94%

Rituximab 
84.64%

Tocilizumab 
87.24%

Tofacitinib 
81.21%

Abatacept 86.04% NA DUP DUP DUP DUP DUP DUP DUP DUP

Adalimumab 85.29% 0.75% NA DUP DUP DUP DUP DUP DUP DUP

Certolizumab 83.08% 2.96% 2.21% NA DUP DUP DUP DUP DUP DUP

Etanercept 87.06% 1.02% *1.77% *3.98% NA DUP DUP DUP DUP DUP

Golimumab 86.27% 0.23% 0.98% 3.19% 0.79% NA DUP DUP DUP DUP

Infliximab 84.94% 1.10% 0.35% 1.86% *2.12% 1.34% NA DUP DUP DUP

Rituximab 84.64% 1.40% 0.65% 1.56% *2.42% 1.63% 0.30% NA DUP DUP

Tocilizumab 87.24% 1.20% 1.95% 4.16% 0.18% 0.97% 2.30% 2.60% NA DUP

Tofacitinib 81.21% *4.83% *4.08% 1.87% *5.85% 5.06% 3.73% 3.43% *6.03% NA

*p<0.05.
DUP, duplicate value; NA, not applicable.
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than etanercept (rituximab, tofacitinib and infliximab) all had a 
different mechanism of action to one another and a different mode 
of administration. This comparison also highlights a powerful poten-
tial use of SA technology. Despite the ever- increasing number of 
bDMARDs, there are few head to head trials that directly compare 
these agents. The use of SA provides us with a large scale, real- world 
summary measure of effectiveness and tolerability that acts as an (in)
direct comparison.

While methotrexate did have over 80% of its positive posts 
discussing efficacy, only marginally below the b/tsDMARDs, it still 
generated an overall negative sentiment ratio due to the high inci-
dence of posts mentioning side effects. Almost half of the negative 
posts against methotrexate discussed side effects, which was one of 
the highest across both the categories of DMARDs. Our study demon-
strates that majority of patients find methotrexate to be efficacious 
yet have assigned it a negative sentiment primarily due to gastroin-
testinal side effects. While clinical trial data have shown that less than 
10% of patients stop methotrexate due to side effects, longer term 
studies however have demonstrated that over a third of the patients 
who take methotrexate for more than 2 years will discontinue the 
medication.20 21 Sulfasalazine also had a high percentage of patients 
posting about side effects, with allergic reactions being the frequently 
mentioned, however the percentage of positive posts discussing effi-
cacy were lower than that of methotrexate or the bDMARDs. It was 
a combination of poor (perceived) efficacy along with side effect 
concerns that generated the overall negative sentiment for sulfasal-
azine. Trials that have previously compared sulfasalazine to metho-
trexate have demonstrated comparable efficacy and side effects.22 23

One of the most common concerns raised by patients on b/
tsDMARDs were injection site reactions. Studies have shown that 
patients have a strong preference for orally administered medications 
over injectables and this likely contributed towards the reduced side 
effect related sentiment.24 Frequency of administration might also 
explain the relatively fewer negative posts due to side effects for goli-
mumab which has a monthly dosing interval. Studies of RA patients 
have shown this to be the preferred frequency of administration. 
While other drugs such as infliximab, tocilizumab and rituximab 
had similar or longer frequency of administration, their intravenous 
route of administration is known to less desired by patients.25

The most common concerns raised by patients on csDMARDs 
were hair loss, gastrointestinal issues and allergic reactions. Shingles 
was a higher cause of negativity in patients on tofacitinib than on 
the other b/tsDMARDs, which mirrors the findings in the studies.26

More patients posted a positive comment for b/tsDMARDs 
regarding efficacy than for csDMARDs, this was demonstrated in 
a network meta- analysis, which showed that 16% more patients on 
biological/DMARD combination achieved an American College of 
Rheumatology 50 (ACR50) response than those on csDMARDs.27

The most important limitations of this study are reflective of the 
nascent state of the technology. The first being the quality of the 
data. Despite using strict filters, without conducting a manual anal-
ysis of the 3 billion posts it is impossible to know how relevant the 
information contained within the post is to the topic being studied. 
Second, SA itself is evolving with no current gold standard approach. 
There are various methods by which SA can be conducted, with each 
having certain advantages and disadvantages and none providing an 

Table 5 Concerns: percentage of posts with a negative sentiment

Concern bDMARD (%) csDMARD (%) Difference 95% CI lower limit 95% CI upper limit P value

Joint pain 13.85523 10.95501 2.900219 2.0953 3.7061 0.0001

Itching 2.730134 1.750345 0.979788 0.6191 1.3451 0.0001

Rash 3.288749 2.602487 0.686262 0.2733 1.1019 0.0011

Cancer 2.439024 1.796407 0.642617 0.2912 0.9975 0.0003

Weight gain 2.45476 2.095808 0.358952 −0.0056 0.7256 0.0534

Common cold 1.313926 1.120835 0.193091 0.0754 0.4639 0.1577

Migraines 1.424076 1.312759 0.111316 0.1733 0.3975 0.4421

Muscle pain 1.125098 1.05942 0.065679 0.1893 0.322 0.6122

Fever 1.510622 1.458621 0.052 0.2444 0.3495 0.7302

Weight loss 1.070024 1.520037 −0.45001 0.1739 0.7287 0.0014

Hair loss 2.265932 6.847843 −4.58191 4.0798 5.0911 0.0001

Nausea 2.989772 11.24674 −8.25697 7.6417 8.8787 0.0001

bDMARD, biological disease modifying anti- rheumatic drug; csDMARD, conventional synthetic agents disease modifying anti- rheumatic drug.

Table 6 Positive/negative sentiment csDMARDs reasons

Positive sentiment csDMARDs reasons

csDMARDs Efficacy Total posts Percentage Lack of side effects Total posts Percentage

Methotrexate 7364 9058 81.30 1762 9058 19.45

Hydroxychloroquine 2621 3026 86.62 439 3026 14.5

Leflunomide 215 849 25.32 63 849 7.42

Sulfasalazine 611 803 76.10 135 803 16.81

Negative sentiment for csDMARD

csDMARDs Lack of efficacy Total posts Percentage Side effects Total posts Percentage

Methotrexate 4559 9103 50.08 4091 9103 44.94

Hydroxychloroquine 1353 2398 56.42 966 2398 40.28

Leflunomide 131 777 16.86 141 777 18.15

Sulfasalazine 445 827 53.81 262 827 31.68

csDMARD, conventional synthetic agents disease modifying anti- rheumatic drug .
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absolute guarantee of accuracy. Due to these issues, it would not be 
surprising to have similar studies produce different results based on 
the platforms being analysed (as some allow patients to post large 
amounts of information and others, like Twitter, only allow small 
amounts, thus influencing the accuracy of the algorithms) and the 
technique used to conduct SA. We also excluded posts made in 
languages other than English as SA is not as well developed for other 
languages. Therefore, the results of this study might not be applicable 
to countries where English is not the primary language.

CONCLUSION
This study is the first to conduct a SA of all available social media 
posts generated by RA patients for 13 DMARDs. Our study has been 
able to capture unprompted sentiment as directly expressed by the 
patient. The sentiment was positive for all the b/tsDMARDs with 
efficacy being the primary driver of this, followed by lack of side 
effects. Methotrexate and sulfasalazine had an overall negative senti-
ment, and descriptions of side effects were particularly common for 
methotrexate.

As big data analytic technology becomes more advanced, there is 
potential for this methodology to rapidly capture broad- spectrum 
patient sentiment towards medications. This may act as a valuable 
addition to existing qualitative methods, which allow for a more 
nuanced assessment than is currently possible with SA. This comple-
mentary approach will generate novel insights and improve various 
aspects of patient–physician interaction, from shared decision- 
making regarding DMARD selection, to patient adherence.
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