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ABSTRACT
Introduction The current evaluation processes of the 
burden of diabetes are incomplete and subject to bias. This 
study aimed to identify regional differences in the diabetes 
burden on a universal level from the perspective of people 
with diabetes.
Research design and methods We developed a 
worldwide online diabetes observatory based on 34 million 
diabetes- related tweets from 172 countries covering 41 
languages, spanning from 2017 to 2021. After translating 
all tweets to English, we used machine learning algorithms 
to remove institutional tweets and jokes, geolocate 
users, identify topics of interest and quantify associated 
sentiments and emotions across the seven World Bank 
regions.
Results We identified four topics of interest for people 
with diabetes (PWD) in the Middle East and North Africa 
and another 18 topics in North America. Topics related to 
glycemic control and food are shared among six regions 
of the world. These topics were mainly associated with 
sadness (35% and 39% on average compared with levels 
of sadness in other topics). We also revealed several 
region- specific concerns (eg, insulin pricing in North 
America or the burden of daily diabetes management in 
Europe and Central Asia).
Conclusions The needs and concerns of PWD vary 
significantly worldwide, and the burden of diabetes is 
perceived differently. Our results will support better 
integration of these regional differences into diabetes 
programs to improve patient- centric diabetes research and 
care, focused on the most relevant concerns to enhance 
personalized medicine and self- management of PWD.

INTRODUCTION
The term ‘burden of disease’ describes the 
overall consequences (loss of health, social 
aspects, costs to society, death) caused by 
diseases, injuries and risk factors worldwide 
and is often measured using quality- adjusted 
life years (QALYs) or disability- adjusted 
life years (DALYs).1–3 However, QALYs and 
DALYs prevent us from understanding the 
drivers of the diabetes burden, such as the 
role of diabetes distress or the quality of 
care. Diabetes distress defines the emotional 
distress linked to living with diabetes and day- 
to- day management but also worrying about 

complications.4 It has been shown that one 
in four people with type 1 diabetes and one 
in five people with type 2 diabetes have high 
levels of diabetes distress.5 Emotional distress 
is associated with diabetes self- management 
and glycemic control issues.6

Conceiving patient- centered instruments 
helped measure the quality of care for PWD. 
Many of these have additional subscales 
ortheir evaluation aspects overlap.6 These 
gaps in the assessment methods of the quality 
of care for PWD need to be identified. The 
most important factors must be prioritized 
and become objectives to address. As prior-
ities for a person with diabetes in the USA 
may differ vastly between a PWD in Western 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Twitter data can be a useful resource to monitor key 
concerns of people with diabetes, complementary to 
what can be achieved with questionnaires in clinical 
studies.

WHAT THIS STUDY ADDS
 ⇒ This study included a worldwide analysis of a data-
set of 34 millions of tweets from 172 countries to 
detect the most important topics of interest of peo-
ple with diabetes and to study their differences ac-
cross the seven World Bank regions.

 ⇒ We have identified universal topics of concern. The 
concerns related to glycemic control and food are 
common to seven and six regions of the world, 
respectively.

 ⇒ Other topics were found to be more important in 
some specific regions, such as insulin pricing in 
North America or the burden of daily diabetes man-
agement in Europe and Central Asia.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Our results can support the development of tailored 
diabetes programs at the regional level to focus on 
the most important concerns and thus to enhance 
personalized medicine and self- management of 
people with diabetes.
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Europe, the Middle East or South Asia, determining the 
regional objectives is necessary to improve the lives of 
PWD. It is crucial to understand the regional differences 
in how the diabetes burden is perceived to integrate them 
into future diabetes programs. These could then address 
the most relevant local factors of diabetes burden.

One international source of data that captures the 
viewpoint of people with diabetes is Twitter. With more 
than 130 million users in 2019, it proved to be compat-
ible with health research in various ways, but mainly 
to collect a considerable volume of data for public 
health surveillance, early event detection, outbreak 
prediction and analysis of a population’s sentiments 
and emotions.7–12 Sentiment analysis aims to recognize 
polarity in texts (positivity, negativity or neutrality), while 
emotion analysis determines the emotional state of an 
individual (anger, fear). Several diabetes communities 
have developed on Twitter, where users can share their 
experiences, ask for advice or chat. They can be found 
with relevant hashtags (#dsma: Diabetes Social Media 
Advocacy, #gbdoc: UK Diabetes Online Community). 
It is thus possible to access large quantities of diabetes- 
related data from individuals and communities of PWD 
on Twitter. Social media data enables a better under-
standing of the principal daily concerns and associated 
emotions related to diabetes, diabetes management, 
diabetes distress or diabetes burden.13 More broadly, 
social media data may provide insights into how concerns 
differ between countries. As Twitter is embraced globally 
by numerous people and does not rely on predefined 
questions like evaluation scales, collecting and analyzing 
tweets can be considered an innovative and complemen-
tary way to understand PWD’s feelings and concerns 
about their diabetes. Ahne et al14 previously showed that 
such analysis could be efficient in identifying primary 
concerns in the USA.

Because precision health starts by contextualizing the 
needs of the patients, we have tested the hypothesis that 
it is feasible to use a reproducible approach to analyze 
online data to better understand the determinants of 
diabetes burden and to identify regional differences 
that will serve to design more patient- centered diabetes 
programs in the future.10

RESEARCH DESIGN AND METHODS
Data collection
Tweets are public by default and can be collected using 
the Twitter Application Programming Interface, which 
provides access to 1% of all Twitter data in real time 
based on keywords. To collect diabetes- related tweets, we 
defined a list of 272 diabetes- related keywords such as 
diabetes, insulin and blood glucose in 30 different languages 
(online supplemental appendix 1). Overall, the collec-
tion includes 34 million tweets published between May 
2017 and April 2021. The data collected for this study 
only includes publicly posted tweets.

Preprocessing
The first step consisted of deleting duplicates and 
retweets to keep unique tweets and quote retweets (a 
retweet with an added comment). Second, non- English 
tweets were translated into English. Third, two classifiers 
were applied to keep only tweets with personal, non- joke 
or non- ironic content from users sharing diabetes- related 
information about themselves or relatives. The workflow 
can be seen in figure 1.

Geolocation
A tweet object provides meta- data, including information 
about the user account and location. The users provide 
their geographical area via an entry in their public 
profile. The precision in their description may vary. After 
applying the process described in online supplemental 
appendix 2, tweets were separated into the following 
seven regions: North America, East Asia and Pacific, 
Europe and Central Asia, Latin America and the Carib-
bean, the Middle East and North Africa, South Asia, 
and Sub- Saharan Africa. These regions comply with the 
‘World Bank Country and Lending Groups’ classification 
from The World Bank Group.15

Sentiment analysis
We used Valence Aware Dictionary for Sentiment 
Reasoning to assess whether there was a positive or 
negative sentiment within a tweet.16 The primary metric 
used for the sentiment analysis was the compound score 
(polarity), a unidimensional and normalized measure of 
sentiment between −1 and +1.

Topic extraction
We applied a k- means algorithm to the tweets in each 
region and gave each cluster a label according to the 20 

Figure 1 Workflow showing the data preprocessing and 
analysis. Blue boxes correspond to steps where machine 
learning methods apply.
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closest tweets to the topic center and the most frequent 
words (top words) in the cluster.17 18

Emotion analysis
To determine the predominant emotion in each tweet, a 
classifier was developed based on texts focusing on four 
emotions: fear, anger, joy and sadness.19 We applied this 
classifier to all tweets to predict the probability of a tweet 
belonging to each of the four emotions.

Every algorithm used for this study is available on 
Github: https://github.com/Chbour/Global_diabetes_ 
burden. More details about the methodology can be 
found in online supplemental appendix 2.

Role of the funding source
The content of this publication is solely the author’s 
responsibility and does not necessarily represent the offi-
cial views of the funders.

RESULTS
Spatial distribution of diabetes-related tweets
After preprocessing, we included 820 615 geolocated 
tweets in this study. Tweets were distributed as follows: 
568 020 from North America (n=69.2%, three coun-
tries included), 176 124 from Europe and Central Asia 
(n=21.5%, 49 countries included), 31 426 from East 
Asia and Pacific (n=3.8%, 27 countries included), 
20 465 from Sub- Saharan Africa (n=2.5%, 36 countries 
included), 15 935 from South Asia (n=1.9%, eight coun-
tries included), 4554 from Latin America and the Carib-
bean (n=0.6%, 29 countries included) and 4091 from 
the Middle East and North Africa (n=0.5%, 20 countries 
included). Figure 2 displays the distribution of tweets in 
each region.

Topics of interest
Among all tweets, 269 323 (32.8%) were predicted as 
posted by men, 311 343 (37.9%) by women, and 239 949 
(29.2%) from unknown sex; 254 564 (31%) were from 
people with type 1 diabetes, 94 948 (11.6%) from type 
2 diabetes and 471 203 (57.4%) from people where 
diabetes type was impossible to predict. Females were 
over- represented in East Asia and Pacific, Europe and 
Central Asia, Middle East and North Africa, and North 

America. Men were over- represented in Latin America 
and the Caribbean, and South Asia. In all regions, tweets 
identified as type 1 diabetes- related were predominant.

We identified four topics of interest for the people 
with diabetes from the Middle East and North Africa, 
6 for South Asia, 8 of interest for East Asia and Pacific, 
7 for Latin America and the Caribbean, 10 for Europe 
and Central Asia, 14 for Sub- Saharan Africa and 18 for 
North America. They are further described below for 
each region and in online supplemental appendix 3. 
‘Glycemic Control’ was a topic found in all regions. Six 
out of seven showed a common interest such as ‘Family 
and relatives’ and ‘Food’, whereas ‘Insulin’ matched for 
five regions. Four regions had common topics related to 
‘Comorbidities’. The significance of comparing percent-
ages among emotions in topics in each region was deter-
mined using a Student’s t- test. All p values shown are two 
tailed.

Overall, South Asia had the most positive diabetes- 
related tweets and was associated with a higher polarity 
score, while Latin America and the Caribbean had the 
most negative ones and were associated with a lower 
score (table 1). On the 820 615 included tweets, 356 683 
were identified as positive (n=43.5%), and 308 811 were 
identified as negative (n=37.6%). South Asia and Europe 
and Central Asia had a higher proportion of positive 
tweets (47.6% and 46%, respectively). Latin America and 
the Caribbean, and North America had a higher propor-
tion of negative tweets (38.2% and 38.5%, respectively). 
As shown in table 1, the South Asia region was associated 
with a higher average polarity score, while Latin America 
and the Caribbean were associated with a lower score. 
The averaged sentiment scores were slightly positive and 
between 0.01887 (Latin America and the Caribbean) 
and 0.10376 (South Asia). Most regions had a positive 
score (greater than 0.05). In contrast, Latin America and 
the Caribbean, and North America had a neutral score 
(between −0.05 and 0.05) as these regions had a higher 
proportion of tweets with negative sentiment scores.

East Asia and Pacific
On average, topics referring to users sharing support 
and advice such as ‘Type 1 diabetes communities’ (48% 
compared with 31.4% on average in all other topics, 
p<0.001) and ‘Glycemic control’ (39% compared with 
31.6% on average in all other topics) were associated with 
higher rates of joy (p<0.001) but also with higher rates of 
fear (respectively 16.9% and 14.6% compared with 12.1% 
and 12.3% on average in all other topics, p<0.001) due to 
frequent fears about the future. ‘Insulin affordability’ was 
associated with a higher rate of anger (28% compared 
with 16.6% on average in all other topics, p<0.001) 
because of users reacting to the huge insulin pricing gap 
between the USA and East Asia and Pacific.20 ‘Diabetes- 
related complications and family history’ was associated 
with a higher probability of sadness (45.8% compared 
with 38.1% on average in all other topics, p<0.001).

Figure 2 Map showing the distribution of diabetes- related 
tweets according to the region (n=820 615).
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Europe and Central Asia
The two topics dealing with insulin (‘Insulin access’ 
and ‘Insulin and insulin supplies’) were associated with 
a higher probability of anger (respectively 28.6% and 
26.2% compared with 15.87% and 16.3% on average in 
all other topics, p<0.001). Topics discussing relatives’ 
life with diabetes and complications (‘Diabetes- related 
complications and family history’ and ‘Life changes 
since diagnosis’) were associated with sadness (respec-
tively 45.6% and 43% compared with 35.6% and 35.9% 
on average in all other topics, p<0.001). Topics ‘Daily 
management of diabetes’ and ‘Type 1 diabetes communi-
ties’ were mostly associated with joy (respectively 43.7% 
and 50.4% compared with 32% and 33% on average in 
all other topics, p<0.001).

Latin America and the Caribbean
Similar to Europe and Central Asia, the topic ‘Insulin 
issues’ was associated with a higher probability of anger 
(28.7% compared with 15.6% on average in all other 
topics, p<0.001). Topics in which users shared love and 
advice (‘Love and support’ and ‘Glycemic control’) 
were associated with a higher probability of joy (respec-
tively 46.02% and 37.9% compared with 29% and 29.1% 
on average in all other topics, p<0.001). Finally, topics 
dealing with relatives’ health complications and life with 
diabetes (‘Complications and comorbidities’ and ‘Expe-
riences from relatives living with diabetes’) were associ-
ated with a higher probability of sadness (respectively 

47.9% and 47.8% compared with 42.7% and 40.4% on 
average in all other topics, p<0.001).

Middle East and North Africa
Topic ‘Insulin and insulin supplies’ was associated with 
a higher probability of anger (28.8% compared with 
15.6% on average in all other topics, p<0.001). In this 
topic, users were reacting to the difficulty of insulin and 
insulin supplies self- management. However, sadness 
was the main identified emotion in all topics (39% on 
average).

North America
The five topics dealing with insulin pricing and afford-
ability (‘Inability to afford insulin’, ‘Consequences 
of insulin unaffordability’, ‘Insulin prices increase’, 
‘Insulin pricing including insurance’ and ‘Costs implied 
by diabetes management’) were associated with a 
higher probability of anger (between 20.1% and 32.7% 
compared with 17.9% to 18.8% on average in all other 
topics, p<0.001). Most topics were associated with a higher 
probability of sadness (41% on average) except ‘Type 
1 diabetes communities’, ‘Glucose tests’ and ‘Sharing 
daily life’ were associated with a higher probability of joy 
(respectively 46.1%, 48.7%, and 42.5% compared with 
29.8%, 29.6% and 28.9% on average in all other topics, 
p<0.001).

Table 1 Average sentiment score and distribution sentiment scores

Region Mean sentiment score
Number of tweets with negative, neutral and positive 
sentiment scores

East Asia and Pacific 0.06961 Negative: 11 189 (n=35.6%).
Neutral: 5860 (n=18.6%).
Positive: 14 377 (n=45.7%).

Europe and Central Asia 0.07209 Negative: 63 205 (n=35.9%).
Neutral: 31 902 (n=18.1%).
Positive: 81 017 (n=46%).

Latin America and the Caribbean 0.01887 Negative: 1741 (n=38.2%).
Neutral: 938 (n=20.6%).
Positive: 1875 (n=41.2%).

Middle East and North Africa 0.07022 Negative: 1431 (n=35%).
Neutral: 804 (n=19.6%).
Positive: 1856 (n=45.4%).

North America 0.02792 Negative: 218 717 (n=38.5%).
Neutral: 108 246 (n=19.1%).
Positive: 241 057 (n=42.4%).

South Asia 0.10376 Negative: 5198 (n=32.6%).
Neutral: 3149 (n=19.8%).
Positive: 7588 (n=47.6%).

Sub- Saharan Africa 0.05002 Negative: 7330 (n=35.8%).
Neutral: 4182 (n=20.4%).
Positive: 8953 (n=43.7%).

A sentiment score is considered negative, when lower or equal to −0.05, positive when greater than or equal to 0.05 and considered neutral 
when strictly between −0.05 and 0.05.16
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South Asia
The highest average of anger was associated with the topic 
‘Insulin use’ (25.4% compared with 13.9% on average in 
all other topics, p<0.001). ‘Food habits’ was associated 
with joy (39.01% compared with 30.2% on average in all 
other topics, p<0.001), while all other topics were mainly 
dominated by high rates of sadness (more than 40%).

Sub-Saharan Africa
The topic ‘Insulin’ was associated with anger (22.5% 
compared with 15.3% on average in all other topics, 
p<0.001) because of users’ angry reactions to diabetes 
misunderstanding and struggles to get insulin. The topic 
dealing with ‘Glucose guardian’ was dominated by joy 
(39.3% compared with 28.9% on average in all other 
topics, p<0.001) as users were thanking others for their 
help or shared excellent glucose levels. In comparison, 
all other topics were dominated by sadness (between 
37% and 46.02%).

Details about the average probabilities of senti-
ment distribution are available in online supplemental 
appendix 3.

CONCLUSION
In this study, we used worldwide social media data to better 
assess the global diabetes burden, from the perspective of 
PWD, and to study regional differences, which will serve 
to design more patient- centered diabetes programs. Social 
media data provide direct access to individual points of view 
and experiences of PWD, which can improve our under-
standing of how diabetes impacts their daily lives.

We have shown that some concerns are universal and 
shared by different online communities of PWD, while 
others are region- specific (eg, North America, which has five 
insulin- related topics). We found that matters related to food, 
glycemic control, family and relatives, insulin and comorbidi-
ties were shared by at least four of the seven regions. Tweets 
in which users shared their concerns and experiences about 
their relatives’ diabetes, family health history and comorbidi-
ties were associated with higher rates of sadness (47.2% of all 
related clusters and regions combined compared with 38.7% 
on average). On the contrary, most joyful tweets referred to 
users sharing advice, motivation and peer- supporting and 
encouraging each other (37.7% of all related clusters and 
all regions combined compared with 31.1% on average). 
We also observed that 5 out of the 18 topics of interest in 
North America were related to insulin pricing, unafford-
ability and the consequences of such pricing on health (on 
physical and mental health). Overall, these tweets corre-
spond to 18.95% (n=1 01 019) of all tweets originating from 
the USA (n=5 32 981).21 Additionally, these topics were asso-
ciated with higher rates of anger (28.04% compared with 
19.2% on average in the USA and 19.1% in North America). 
Meanwhile, users from Europe and Asia and other regions 
(Europe and Central Asia, East Asia and Pacific) were sympa-
thetic to patients from the USA, sharing their disgust and 
misunderstanding of the insulin pricing gap between their 

region and the USA. These results from North America are 
consistent with the previous work from Ahne et al,14 who 
showed that insulin pricing is a central concern among PWD 
on Twitter in the USA.

Presumably, no previous study relied on such an exten-
sive international database of posts from PWD to describe 
the diabetes burden. Our approach is more inclusive than 
those relying on questionnaires, such as patient- reported 
outcome measures or patient- reported experience 
measures scales with predefined items. We monitored 
key diabetes- related concerns of PWD and quantified the 
associated emotions in different communities around the 
world. We have observed an elevated global burden of 
diabetes, with regional specificities that need to be taken 
into account more diligently.22 Diabetes- related distress 
is present in every diabetes community and is some-
times under- researched, such as in Sub- Saharan Africa, 
and social media can help overcome these concerns.23 
Özcan et al24 studied people with type 2 diabetes from 
different ethnicities in the Netherlands and showed 
that ethnicity is independently associated with high 
diabetes distress. However, Gariepy et al25 showed that 
diabetes distress in people with type 2 diabetes poten-
tially varies according to some geographical and sociode-
mographic factors (such as social and physical order or 
cultural and social environment), which reinforces our 
hypothesis to compare diabetes burden determinants in 
different regions of the world. Besides, patients’ state of 
mind heavily influences their self- management habits. 
Richman et al showed that positive emotions were asso-
ciated with overall better health status, whereas Coccaro 
et al suggested that diabetes distress is associated with 
negative emotions and the regulation of emotions.26 27 
Thus, as recommended by Kalra et al28, tackling patients’ 
intellectual and emotional needs would be one solution 
to overcome the psychological barrier to adherence and 
self- care. Our findings corroborate earlier research, indi-
cating that diabetes burden is a common issue discussed 
on social media in all different regions of the world and 
at different levels of severity. These findings also suggest 
that diabetes self- management is one of the biggest 
concerns, as PWD from the seven World Bank Regions 
shared concerns regarding glycemic control and food. 
Moreover, concerns at the regional level were identified, 
such as insulin pricing in North America or the fear of 
complications and comorbidities in Latin America and 
the Caribbean. This discovery highlights the need to 
develop new global methodologies to tackle universal 
concerns regarding self- care and focus on more specific 
ones at a regional or country level to improve PWD expe-
riences and deal with their outcomes.

This study has several limitations. First, the list of the 
diabetes- related keywords we used to collect the tweets 
may have been incomplete. This list has been created by 
translating an original list of English keywords, and we 
may have missed specific local diabetes- related keywords 
and associated issues in some countries. Second, some 
language- specific subtleties may have gone astray, as 
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translating non- English tweets to English may obscure 
the original meaning. Third, although this study essays 
the diabetes burden on a global level, we did not manage 
to recover data from every country. However, this is the 
most comprehensive analysis on an international scale 
to date. Fourth, a bias in the geolocation analysis might 
exist, as the location is self- reported by users. We manu-
ally excluded areas that appeared to be fake. Some tweets 
have been localized as coming from China where Twitter 
is blocked. Twitter is still accessed by a lot of Chinese 
people who are, for instance, using a VPN. This may 
explain why some users localize themselves in China.29 
Furthermore, the geographical coordinates provided by 
a tweet’s metadata were identified as being, by default, 
in the center of the country. As a result, the distribution 
map of the tweets shows geographical markers that are 
not necessarily in populated areas. Fifth, the precision of 
the different classifiers we used was not perfect. An addi-
tional limitation is that our results are based on subjec-
tive statements from people using social media and do 
not represent all PWD. Finally, due to the prevalence 
of sarcasm and irony on social media and the fact that 
we searched to define key emotions in every tweet, we 
cannot ensure that all emotions were correctly identified, 
despite our efforts to remove jokes and irony.

In this work, we demonstrated that the global needs 
and concerns of PWD varied vastly based on region and 
that the diabetes burden was perceived differently, despite 
some shared concerns. Our results suggest a necessity to 
improve the integration of these regional and global factors 
into future diabetes programs to enhance patient- centric 
diabetes research and care from the perspective of people 
with diabetes. This will contribute to improving the personal-
ization of diabetes care and self- management.
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