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Abstract

Sentiments towards racial/ethnic racial/ethnic minorities may impact cardiovascular disease 

(CVD) through direct and indirect pathways. In this study, we assessed the association between 

Twitter-derived sentiments towards racial/ethnic minorities at state level and individual level CVD-

related outcomes from the 2017 Behavioral Risk Factor Surveillance System (BRFSS). Outcomes 

included hypertension, diabetes, obesity, stroke, myocardial infarction (MI), coronary heart disease 

(CHD), and any CVD from BRFSS 2017 (N=433,434 to 433,680 across outcomes). A total of 30 

million race-related tweets were collected using Twitter Streaming Application Programming 

Interface (API) from 2015 to 2018. Prevalence of negative and positive sentiment towards racial/

ethnic minorities were constructed at state level and merged with CVD outcomes. Poisson 

regression was used, and all the models adjusted for individual level demographics as well as state 

level demographics. Individuals living in states with the highest level of negative sentiment 

towards racial/ethnic minorities had 11% higher prevalence of hypertension (PR:1.11, 95% CI: 

1.08, 1.14), 15% higher prevalence of diabetes (PR:1.15, 95% CI: 1.08, 1.22), 14% higher 

prevalence of obesity (PR:1.14, 95% CI: 1.10, 1.18), 30% higher prevalence of stroke (PR: 1.30, 

95% CI: 1.16, 1.46), 14% higher prevalence of MI (PR:1.14, 95% CI: 1.03, 1.25), 9% higher 

prevalence of CHD (PR: 1.09, 95% CI: 1.00, 1.19) and 16% higher prevalence of any CVD 

outcomes (PR: 1.16, 95% CI: 1.09, 1.24). Conversely, Twitter-derived positive sentiment towards 
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racial/ethnic minorities was associated with a lower prevalence of CVD outcomes. Programs and 

policies that promote racially inclusive environments may improve population health.
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Introduction

Cardiovascular disease (CVD) is a leading cause of death in the US for all race/ethnicities. 

Racial/ethnic minorities experienced a higher risk of CVD than whites and the risk of CVD 

varies greatly across race/ethnic groups. Blacks experience earlier onset of hypertension and 

have a higher prevalence of hypertension, while Hispanics have a lower prevalence of 

hypertension, which is similar to whites [1, 2]. Different social context including residential 

segregation, discrimination, acculturation and environmental stressors may explain the 

differential rates of CVD across racial/ethnic groups in the US [3, 4]. Chronic exposure to 

racial discrimination contributes to CVD [5]. Previous studies suggest two hypothesized 

pathways linking negative sentiment towards racial/ethnic minorities and CVD. Negative 

sentiment towards racial/ethnic minorities from discrimination might directly increase 

cortisol (stress hormone), alter autonomic control, induce elevated inflammation, blunt β-

adrenergic receptor responsiveness, and consequently contribute to CVD [6–8]. 

Additionally, negative sentiment can be linked to CVD indirectly via health behaviors. 

Perceived discrimination is associated with increased risk of unhealthy behaviors including 

unhealthy food consumption (e.g., fried foods, higher caloric foods), alcohol consumption 

and substance abuse [9–11].

Williams developed a framework that described the relationship between race and health 

outcomes [12]. Fundamental causes, such as racism, influence other social determinants of 

health outcomes and facilitate the biological processes leading to health disparities. 

Numerous research has the explored physiological effects of racism or discrimination on 

heart rate and blood pressure [13]. Armstead examined the relationship of racial stressors, 

anger, and blood pressure responses and found that racist stimuli but not anger induced 

significant increases in blood pressure [14], which may partly explain the etiology of racism 

causing hypertension. Szanton et. al confirmed the link between self-reported racial 

discrimination and red blood cell oxidative stress, which identified a potential cellular 

pathway by which racial discrimination increase cardiovascular disease risks [15]. Racial 

discrimination may have both acute and prolonged effects on cardiac functions [16]. 

Brondolo and colleagues conducted an review of the empirical research investigating the 

effects of three levels of racism individual, internalized, and institutional racism and 

concluded that all levels of racism may influence the risk of hypertension [17].

Existing evidence supports the notion that perceived discrimination is associated with CVD 

risk factors and adverse CVD events [18, 19] and some of the studies suggest the association 

is more pronounced among African Americans [20, 19, 21, 22]. Everyday discrimination at 

baseline was associated with 33% (HR: 1.33, 95% CI: 1.11, 1.64) greater incidence of 
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metabolic syndrome after 14 years of follow up in the Study of Women’s Health Across the 

Nation (SWAN) and the association was most evident in Black, Hispanic and Japanese 

Women [23]. An experimental study also found perceived racial discrimination to be 

associated with increased vascular responses and that African Americans had greater 

responses than white Americans [24]. Some studies purely focused on African American 

population due to the high vulnerability to CVD for this population. However, findings are 

mixed with some findings no association among African Americans [25, 26] and some 

finding an association [27]. An analyses of Multi-Ethnic Study of Atherosclerosis (MESA) 

data explored modification effects by racial/ethnic groups. However, investigators did not 

find differences in the association between perceived discrimination and CVD risk by race/

ethnicity [28]. Subgroup analyses beyond comparisons between whites and African 

Americans comparison are also needed.

Additionally, gender plays a unique role in racial discrimination experiences. Numerous 

studies have demonstrated that there are gender differences in the prevalence, onset, and 

management of CVD [29, 30]. Socioeconomic and psychosocial factors, such as lack of 

social support and isolation, seem to have a more significant impact on CVD outcomes in 

women compared to men [30]. Gender specific psychological responses to discrimination 

may play a role in the pathology of CVD events [28]. Gender differences in the components 

of metabolic syndrome might be an explanation for different CVD risks [29, 31, 32]. 

Abdominal obesity is the most common condition of metabolic syndrome among women 

while the most prevalence component of metabolic syndrome varied among men in the US 

[33]. Modification of effects by gender has been understudied. Hence, it is crucial to 

examine the role of gender in potentially modifying the relationship between sentiment 

towards racial/ethnic minorities and CVD outcomes.

While racial bias is increasingly recognized as an important contributor to health disparities, 

previous research has been hampered by two major challenges—the measurement of area-

level racial bias and quantification of its impact on health. Traditionally, racial bias has been 

measured at the individual level. Self-reported racial attitudes and beliefs are subject to a 

number of limitations including social desirability bias and self-censorship [34, 35], risking 

underestimating the impact of racism [36, 21]. Estimating experiences of discrimination and 

discriminatory attitudes solely at the individual level underestimates the effect of racism on 

health. Racism operates at multiple levels including internalized, personally mediated, and 

institutional [37]. Until now, characterization of the social environment towards racial/ethnic 

minorities has rarely been studied and few studies focus on sentiment towards racial/ethnic 

minorities as a possible environmental level risk factor in CVD studies. Moreover, existing 

studies rely on survey data collected in a few small areas, making it difficult to compare 

across locations and inform policy changes. Leveraging existing sources of big data may 

increase the breadth and cost-effectiveness of research endeavors and to allow for larger and 

more geographically diverse studies. In the online space, people express a variety of views 

and beliefs, including those that are race-related. In addition, research suggests that the sense 

of anonymity provided by online spaces emboldens people to express views they may not 

display during in-person interactions [38]. These aspects make social media an attractive 

source for capturing sensitive topics such as race-related discussions.
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Study aims and hypotheses

In this study, we characterize sentiment towards racial/ethnic minorities across the 

contiguous US using Twitter. Twitter as a data source provides a large volume of data. 

Information from Twitter may be less affected by the type of reporting bias that affects 

survey responses. We assess the associations between social environment towards racial/

ethnic minorities and CVD outcomes using Behavioral Risk Factor Surveillance System 

(BRFSS) 2017. We hypothesize that negative sentiment towards racial/ethnic minorities 

would be associated with higher prevalence of CVD outcomes and positive emotions 

towards racial/ethnic minorities would be associated with lower prevalence of CVD 

outcomes. We investigate race/ethnicity and sex as potential modifiers of the association 

between sentiment towards racial/ethnic minorities and CVD outcomes where non-Hispanic 

Blacks and females may experience higher prevalence of CVD outcomes when exposed to 

higher levels of negative sentiment.

Methods

Twitter variables

From 2015 to 2018, we collected a 1% random general tweet samples using Twitter 

Streaming Application Programming Interface (API) across 48 states in the contiguous US 

and the District of Columbia. Tweets with geotags (latitude and longitude coordinates) and 

tweets without geotags were collected. Tweets without geotags had “place” information 

(usually city and state). The place information associated with tweets was used to determine 

the state location of where the tweet was sent. These tweets were filtered by a race term list 

which consisted of 518 terms of race/ethnic groups as well as race/ethnic slurs. The race 

term list was constructed based on racial and ethnic terms from US Census, racial slurs from 

an online database [39] and from prior studies on race-related online conversation [40, 41].

To prevent undue influence of a small number of very frequent users and to exclude 

potential Twitter bots, we excluded users who had more than 1,000 race-related tweets/a 

year in the data set, representing 3–4% of all tweets [42]. We also removed duplicated tweets 

and dropped irrelevant tweets such as those mentioning “Indian Shores” and “egg whites.” 

After exclusion, a total of 1,320,647 tweets with geotags and 30,977,747 of all tweets were 

included in analyses. We pre-processed the tweets to remove stop words, emojis, urls, 

punctuations as well as hashtags. Each tweet was tokenized and term frequency inverse 

document frequency (TFIDF) was used to assign inverse weights that are proportional to 

word frequency.

We derived both positive and negative sentiments of race-related tweets using Python 3.7. 

Positive and negative sentiments are modeled separately as they may have independent 

effects [43]. We used manually labeled training data from Sentiment140 (n=498) [44], 

Sanders (n=5,113) [45], Kaggle (n=7,086) [46], and a sample of tweets filtered by race-

terms labeled by our research team (n=6,481). Sentiment 140, Sanders, and Kaggle datasets 

are all publicly available training datasets specifically labelled for sentiment analysis. 

Support Vector Machine (SVM) was used to classify tweets to “negative” versus “not 

negative.” The “not negative” category included positive and neutral tweets. SVM is a non-
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probabilistic classifier to separate data points to different hyperplanes utilizing maximum 

margins. Each data point is assigned to the hyperplane with the maximum distance. We used 

five-fold cross validation to assess the model performance and reached a high accuracy 

(90.63%) as well as a high F1 score (83.81%). F1 score is a commonly used model 

performance measure in analyses of binary classification that balances model precision 

(positive predictive value) and recall (sensitivity). A high F1 score (close to 1) is generally 

an indicator of excellent model performance especially when the data are unbalanced.

Similarly, we used SVM to classify tweets to “positive” versus “not positive”. We obtained 

1,659 tweets labeled by our research team in addition to the manually labeled training data 

mentioned above for classifying sad tweets. The “not positive” category included negative 

and neutral tweets. We performed five-fold cross validation and reached a high accuracy 

(88.91%) and a high F1 score (80.59%). After assigning sentiment to each tweet, the percent 

of negative tweets and positive tweets were calculated separately at state level and were then 

categorized into tertiles. State level percent of negative tweets and percent of positive tweets 

were merged to individual BRFSS health outcomes data (i.e., individuals living in the same 

state would have the same Twitter-derived characteristics).

Study population, Outcomes, and Covariates

The Behavioral Risk Factor Surveillance System (BRFSS) is a telephone-based survey that 

focuses on chronic health conditions and health behaviors of adults across 50 states of US 

and District of Columbia [47]. BRFSS includes about 400,000 interviews each year, 

providing extensive data source on self-reported health-related conditions. The BRFSS 

survey data are collected annually through a random-digit-dialed telephone, for both landline 

and cellular phone samples. In 2017, the mean combined response rate was 44.9%, ranging 

from 30.6% in Illinois to 64.1% in Wyoming [48].

BRFSS Health Measures.—In this analysis, we examined CVD risk factors including 

hypertension, diabetes and obesity as well as CVD events such as stroke, myocardial 

infarction (MI), coronary heart disease (CHD) and “any CVD”. For hypertension, diabetes 

(excluding gestational diabetes), stroke, MI and CHD, the questions were asked as “Has a 

doctor, nurse or other health professional ever told you that you had …?” Each outcome was 

asked separately. Self-reported body mass index (BMI) greater than or equal to 30 kg/m2 

was defined as obesity. We defined “any CVD” as individual who had one or more of the 

three CVD events stated above. From BRFSS 2017, a total of 450,016 participants were 

included in analyses. We excluded participants with missing age (N=6,101) or missing sex 

(N=287). The number of participants varied by outcomes with the following totals: 443,415 

participants for hypertension, 443,020 participants for diabetes, 443,718 participants for 

obesity, 443,624 participants for stroke, 443,615 participants for MI, 443,550 participants 

for CHD and 443,718 for any CVD.

Covariates.—We included the following individual level covariates in models: age, sex, 

education, race/ethnicity, and marital status. Age groups were defined using five-year 

intervals from 18 to 80, and adults aged over 80 were grouped together. Education was 

categorized as “Did not graduate high school”, “Graduated high school”, “Attended college 
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or Technical School” and “Graduated from college or Technical School”. Race/ethnicity was 

categorized as “non-Hispanic White”, “non-Hispanic Black”, “Hispanic” and “Others”. Sex 

and race/ethnicity were investigated as possible effect-modifiers.

American Community Survey.—We also included state level demographics including 

percent of non-Hispanic White, percent of non-Hispanic Black, percent of Hispanic, and 

median household income from American Community Survey (ACS) 2017 1-year estimates 

[49].

Statistical Methods

Stata MP15 (StataCorp LP, College Station, TX) was used for statistical analyses and R 

software [50] was used for mapping. Poisson regression was used to estimate the prevalence 

ratio of each outcome. We implemented separate analyses for geotagged tweets (tweets with 

latitude and longitude coordinates) and all tweets. All the analyses accounted for survey 

design and survey weights. Models were adjusted for individual level demographics 

including age, race/ethnicity, sex, marital status as well as state level demographics 

including percent non-Hispanic white, percent non-Hispanic Black, percent Hispanic and 

median household income. To examine whether the estimated effects of sentiment on CVD 

outcomes vary by sex and race/ethnicity, interactions terms between sentiment and sex and 

sentiment and racial/ethnic categories were included. Wald test was used to assess the 

significance of interaction terms. We then performed stratified analyses by sex and by racial/

ethnic groups to obtain sex- and racial-specific prevalence ratios.

Results

The prevalence of negative tweets across the US was 39.9%, and the prevalence of positive 

tweets across the US was 6.4% for all race-related tweets. Figs 1–2 map the state level 

prevalence of negative and positive sentiment of all race-related tweets. Mississippi (46.6%), 

Louisiana (46.2%) and Michigan (44.9%) had the highest prevalence of negative sentiment 

towards racial/ethnic minorities. The southeastern US had higher prevalence of negative 

sentiment compared to western US. Utah had the highest prevalence of positive sentiment 

towards racial/ethnic minorities (8.1%), followed by North Dakota (7.5%) and California 

(7.4%). The western US generally had higher prevalence of positive sentiment compared to 

the eastern US. For race-related tweets with geotags (eFigures 1–2), the national trends were 

similar where the western US had more positive sentiment and the southeastern US had 

higher prevalence of negative sentiment.

Descriptive statistics of BRFSS participants are presented in Table 1. Half of participants 

were males (49%). The majority of participants were non-Hispanic white (62.6%); 11.8% of 

the participants were non-Hispanic black and 17.1% of the participants were Hispanic. 

Moreover, 7.1% of the participants were non-Hispanic “other race,” and 1.4% were non-

Hispanic multiracial.

Utilizing all race-related tweets, we observed an association between negative sentiment and 

higher prevalence of CVD outcomes, while positive sentiment towards racial/ethnic 

minorities was associated with lower prevalence of CVD outcomes (Table 2). People living 
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in states with the highest level of negative tweets towards racial/ethnic minorities had 11% 

higher prevalence of hypertension (PR:1.11, 95% CI: 1.08, 1.14), 15% higher prevalence of 

diabetes (PR:1.15, 95% CI: 1.08, 1.22), 14% higher prevalence of obesity (PR:1.14, 95% CI: 

1.10, 1.18), 30% higher prevalence of stroke (PR: 1.30, 95% CI: 1.16, 1.46), 14% higher 

prevalence of MI (PR:1.14, 95% CI: 1.03, 1.25), 9% higher prevalence of CHD (PR: 1.09, 

95% CI: 1.00, 1.19) and 16% higher prevalence of any CVD (PR: 1.16, 95% CI: 1.09, 1.24). 

Conversely, people living in states with the highest tertile of positive tweets towards racial/

ethnic minorities had 3% lower prevalence of hypertension (PR:0.97, 95% CI: 0.94, 1.00), 

6% lower prevalence of diabetes (PR:0.94, 95% CI: 0.90, 0.99), 3% lower prevalence of 

obesity (PR:0.97, 95% CI: 0.94, 1.00), 11% lower prevalence of stroke (PR: 0.89, 95% CI: 

0.80, 0.98), 9% lower prevalence of MI (PR:0.91, 95% CI: 0.83, 0.98), 6% lower prevalence 

of CHD (PR: 0.94, 95% CI: 0.86, 1.02) and 10% lower prevalence of any CVD (PR: 0.90, 

95% CI: 0.86, 0.95).

We tested effect-modification by sex and racial/ethnic groups for all the CVD outcomes 

(Table 3 and Table 4). Females were more affected by negative sentiment towards racial/

ethnic minorities compared to males in terms of hypertension, stroke, CHD and any CVD. 

The effects of negative sentiment towards racial/ethnic minorities on diabetes and obesity 

were more evident in males (Table 3). The prevalence ratio of hypertension was 1.13 (95% 

CI: 1.08, 1.17) for females and was 1.10 (95% CI: 1.06, 1.15) for males, comparing people 

living in states with the highest level of negative tweets to the lowest. The prevalence ratio of 

CHD was 1.16 (95% CI: 1.00, 1.34) for females and was 1.04 (95% CI: 0.93, 1.17) for 

males comparing people living in states with the highest level of negative tweets to the 

lowest. For any CVD outcomes, the prevalence ratio was 1.20 (95% CI: 1.09, 1.32) for 

females and was 1.13 (95% CI: 1.04, 1.23) for males comparing people living in states with 

the highest level of negative tweets to the lowest.

We tested for effect modification by racial/ethnicity with Whites as the referent. Examining 

negative sentiment and hypertension, significant interactions were detected for Blacks and 

Hispanics. For MI, there was also a significant interaction detected for Hispanics. Examining 

positive sentiment and our health outcomes, significant interactions were detected for 

Hispanics for hypertension, stroke, and any CVD. We present stratified analyses in Table 4. 

The associations between negative sentiment with hypertension, MI and any CVD were 

stronger for non-Hispanic whites and non-Hispanic blacks than other race/ethnicity groups. 

However, the association between negative sentiment with diabetes, obesity and stroke was 

stronger in Hispanics than any other racial/ethnic groups. For CVD risk factors such as 

hypertension, diabetes and obesity, positive sentiment towards racial/ethnic minorities was 

more protective in non-Hispanic blacks than non-Hispanic whites.

We conducted sensitivity analyses for the subset of tweets with latitude and longitude 

information or geotags. Descriptive results showing the prevalence of positive and negative 

sentiment for geotagged tweets are presented in eFigures 1–2. Sensitivity analyses restricting 

to tweets with geotags followed a similar pattern as compared to analyses with all tweets 

(eTable 3).
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Discussion

In this study, we constructed a new measure of racial sentiment using Twitter data and 

assessed the association between negative and positive sentiment with CVD outcomes in a 

nationally representative sample. Our results suggested that negative sentiment towards 

racial/ethnic minorities was significantly associated with higher prevalence of CVD risk 

factors including hypertension, diabetes and obesity as well as CVD events including stroke, 

MI, CHD, and any CVD. Conversely, positive sentiment towards racial/ethnic minorities was 

associated with lower prevalence of hypertension, diabetes, obesity, stroke, MI, and any 

CVD. The associations between negative sentiment with hypertension, MI and any CVD 

were also stronger for non-Hispanic whites and non-Hispanic blacks than other race/

ethnicity groups.

In this study, we used negative sentiment and positive sentiment as two separate variables. 

Negative emotions may be linked to CVD outcomes through inducing direct biological 

changes including autonomic control and elevated inflammation [8], and through indirect 

pathway via unhealthy behaviors [51, 9]. Positive emotions have been associated with 

reduced blood pressure [52] and decreased risk of mortality [53, 54]. Both negative and 

positive emotion may share common pathways to CVD outcomes, however, the correlation 

between positive and negative emotions was generally low and in previous studies the two 

affective states were associated with different external factors [43], thus providing evidence 

for assessing positive and negative sentiment as separate factors.

Our study found the relationship between negative sentiment and CVD outcomes tended to 

be stronger among females than males (except for risk factors like obesity and diabetes). 

Males and females are different in metabolism, psychosocial attributes, social roles and 

social behaviors [30]. CVD outcomes of females may be more affected by a negative social 

environment towards racial/ethnic minorities. Males have higher risk of CVD, however, 

socioeconomic and psychosocial factors may have a greater impact on CVD in women 

compared to men [30]. The results of previous studies suggest the complexity of gender in 

the association between discrimination and CVD. A laboratory study exposed 92 African 

American college students to socially stressful stimuli and male college students showed 

more pronounced elevation in blood pressure than females [55]. A cross-sectional study 

found self-reported discrimination was associated with Interleukin-6 (IL-6) in women but 

not in men and was not associated with C-Reactive Protein (CRP) in both gender groups 

[56].

Given the well documented racial/ethnic disparities in CVD health and limited number of 

cohorts with diverse study populations, this study adds to the limited literature [24–27]. Our 

study suggests that social environment towards racial/ethnic minorities is associated with 

CVD in both racial/ethnic minorities and non-Hispanic whites. Our study highlights the 

potential impact of racial sentiment on health outcomes. Online racial sentiment can be 

perceived as one form of cultural racism which works as a risk factor for cardiovascular 

diseases and act as a barrier to health promotion. David Williams and colleagues defined 

cultural racism as the infusion of the ideology of inferiority in the values, language, imagery, 

symbols, and unstated assumptions of the larger society. It is displayed through media, 
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stereotyping, and norms within society and its institutions [57]. Importantly, cultural racism 

produces an environment where institutional and individual-level discrimination can thrive. 

Views and activities described online and via social media can help shape perceived norms, 

beliefs and subsequently behaviors of people. Social climates that are less welcoming may 

encourage racial discrimination or tolerance of discrimination. Using social media data, this 

study sought to measure the social context related to race in order to quantify its influence 

on cardiovascular outcomes. Our results identify online racial sentiment as one source of 

cultural racism that is risky for both racial/ethnic minorities and white Americans and open 

new avenues through which to address the burden of cardiovascular disease in historically 

conflicted communities. For example, intervention programs can be designed specifically for 

neighborhoods that are found to be less accepting of racial/ethnic minorities. Creating an 

environment more inclusive of all racial groups can improve cardiovascular health outcomes 

for the total population.

Strengths and limitations

This study has some notable strengths. To the best of our knowledge, this is the first study 

leveraging Twitter data to examine racial sentiment and cardiovascular disease outcomes. 

We utilized a nationally representative sample of BRFSS participants that is geographically 

and ethnically diverse and allowed for the examination of various CVD risk factors and 

CVD events including hypertension, diabetes, obesity, stroke, MI and CHD. We utilized 

extensive racial/ethnic information from BRFSS for stratified analyses, allowing comparison 

of associations across different racial/ethnic groups. We constructed new measures of racial 

sentiment from Twitter data and examined the links between these social environment 

measures and individual level health outcomes. Results with geotagged tweets were similar 

to analyses incorporating all race-related tweets. The social environment towards racial/

ethnic minorities was constructed at state level and the results of our study may inform state 

level policies towards racial/ethnic minorities and subsequently promote population health 

via policy changes. Our study highlights the potential influence of social and structural 

factors on health.

Our study has some limitations. The sociocultural model presents the following interrelated 

factors affecting health: individual, relationship, community and societal characteristics. 

Overlapping ellipses represent how one factor at one level influences other factors at another 

level. Our study focused on sentiment towards racial/ethnic minorities as a social 

environmental factor. It is important to note that both individual level and contextual level 

racial sentiment are risk factors for CVD [58]. We focused on the social context at state level 

because study results may inform future state level policy towards racial/ethnic minorities 

and promote population health through policy changes. In this study, we do not have data on 

individual level stress measures and perceived discrimination, which are possible mediators 

of the relationship between a hostile social environment and health outcomes. Future studies 

may consider structural equation modeling to assess the overall effect of discrimination and 

CVD and to assess the role of individual level stress, individual perceived discrimination, 

and social context on CVD as well as investigate the interplay of factors across levels.
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Furthermore, we collected tweets from 2015 to 2018 to construct social environment 

measures and thus there is some temporal mismatch in the Twitter variables and the outcome 

data which came from the BRFSS 2017. A three-year Twitter collection period was used in 

order to ensure sufficient number of geotagged tweets for a somewhat rare topic of race/

ethnicity. Some states had fewer tweets than others and a multiple year collection period 

helped ensure reliable estimates for all states. Additionally, a longer period of time in social 

environment exposure may be preferred because cardiovascular outcomes are chronic 

conditions which may take years to develop. Negative sentiment towards racial/ethnic 

minorities in the social environment could be underestimated since Twitter’s hateful conduct 

policy prohibits accounts that “promote violence against or directly attack or threaten other 

people on the basis of race, ethnicity, national origin, sexual orientation, gender, gender 

identity, religious affiliation, age, disability, or serious disease” [59]. Thus accounts which 

espouse racist sentiment may have been removed and therefore not included in our analysis, 

resulting in an underestimation of negative racial sentiment. Moreover, we utilized machine 

learning to determine the racial sentiment of tweets, however, for some tweets 

misclassification may have occurred because these algorithms may not recognize nuanced 

language features such as humor or sarcasm.

Also, given Twitter does not collect demographic information of Twitter users, we were 

unable to directly compare user differences. However, studies are currently underway to 

predict characteristics such as gender, race and age of Twitter users leveraging information 

contained in their tweets and profile [60]. We did sensitivity analyses restricted to tweets 

with geotags. Although the prevalences of negative and positive sentiment were quite 

different comparing geotagged tweets to all tweets, the geographic distribution of the 

sentiment of the tweets did not change substantially; we consistently observed more negative 

sentiment in the southeastern US and more positive sentiment in the western US. Analyses 

examining associations between sentiment and health outcomes also produced similar 

results for geotagged tweets and all tweets. Twitter location service is off by default [61]. 

Users can choose to turn on or turn off the location at any time and users can also delete past 

locations [62]. Differences in prevalence of sentiment variables among geotagged tweets and 

all tweets may be due to differences in Twitter users who choose to enable location tracking 

versus those who do not. It is also possible that the sample of geotagged tweets is too small 

(4%) to be representative of all tweets, leading to differences in sentiment towards racial/

ethnic minorities. Another limitation of our analyses is that we only included tweets. 

Nonetheless, millions of tweets are sent daily, and 90% of Twitter users make their profile 

public [63]. Twitter readily makes available an API for researchers to download publicly 

available tweets. Facebook and Instagram do not have an API for that purpose and more 

profiles are private on those platforms.

Conclusion

Our research leveraging racially charged comments in social media advances a long-

standing challenge in measuring the social context likely encountered by racial/ethnic 

minorities and provide new opportunities to investigate the role of the social context in 

shaping health and health disparities. This research has the potential to lead to greater 

tracking of area-level racial bias and to provide essential information needed to the develop 
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interventions to reduce the impact of racial bias on health and health disparities. In this 

study, we measured sentiment towards racial/ethnic minorities at state level using Twitter 

and assessed the influence of negative and positive sentiment towards racial/ethnic 

minorities with CVD outcomes. Our results suggest that negative sentiment towards racial/

ethnic minorities was associated with higher prevalence of CVD outcomes and positive 

sentiment was associated with lower prevalence of CVD outcomes. The novel use of Twitter 

to measure social environments may provide a possible direction for racial discrimination 

and health research. The study results may inform state level policies towards racial/ethnic 

minorities.
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Fig 1. 
Prevalence of Twitter-derived negative sentiment towards racial/ethnic minorities at state 

level
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Fig 2. 
Prevalence of Twitter-derived positive sentiment towards racial/ethnic minorities at state 

level
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Table 1.

Weighted demographics for individuals in BRFSS 2017

Demographics n
a

%

Sex

  Male 198,725 48.7%

  Female 251,007 51.3%

Education

  Did not graduate high school 32,687 13.6%

  Graduated high school 122,577 28.0%

  Attended college or Technical School 124,655 31.0%

  Graduated from college or Technical School 168,390 27.3%

Race

  Non-Hispanic white 337,166 62.6%

  Non-Hispanic black 35,765 11.8%

  Hispanic 37,078 17.1%

  Other 22,076 7.1%

  Multiracial, Non-Hispanic 9,176 1.4%

Marital Status

  Married 232,891 50.4%

  Not married 213,979 49.6%

CVD risk factors

Hypertension 181,098 32.5%

Diabetes 60,444 10.9%

Obesity 128,641 27.3%

CVD events

Stroke 18,956 3.2%

MI 26,004 4.2%

Coronary heart disease 25,389 4.0%

Any CVD 51,562 8.5%

Twitter-derived sentiment using all race-related tweets Mean SD

% positive sentiment 6.4% 0.7%

% negative sentiment 39.9% 3.4%

Twitter-derived sentiment using race-related tweets, geotagged

% positive sentiment 13.9% 2.6%

% negative sentiment 13.9% 5.1%

a
n displays the unweighted counts (numerator) of the listed characteristic. Any CVD captures individuals with any of the examined CVD events 

(stroke, MI, coronary heart disease).
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