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Assessed for eligibility
(n = 3142 counties)

Excluded n = 2418
CDC age adjusted opioid mortality
unavailable

Sufficient CDC Mortality data
(n = 724 counties)

Excluded n = 60
Fewer than 300 Gallup users per county

Sufficient Gallup data
(n = 664 counties)

Excluded n =2
Fewer than 100 Twitter users per county
With at least 30 posts per user

Final Sample
(n = 662 counties)

Figure S1: County level inclusion criteria

Item Question Scale Mean (SD)
Depression :2Lea3goouuf\£rp?ee;rilot:'l?d by a physician or nurse that you have any of the following, or not? 0-1 0.16 (0.36)
Please imagine a ladder with steps numbered from zero at the bottom to ten at the top. The
top of the ladder represents the best possible life for you and the bottom of the ladder
represents the worst possible life for you.
LS today On which step of the ladder would you say you personally feel you stand at this time? 0-10 7.09 (1.89)
LS five years ~ On which step do you think you will stand about five years from now? 0-10 7.61(2.25)
Smile Did you smile or laugh a lot yesterday? 0-1 0.83 (0.38)
Did you experience the following feelings during A LOT OF THE DAY yesterday? How about:
Happy Happiness 0-1 0.89 (0.31)
Enjoyment Enjoyment 0-1 0.86 (0.35)
Sad Sadness 0-1 0.16 (0.37)
Worried Worry 0-1 0.29 (0.45)
Stress Stress 0-1 0.37 (0.48)
Pain Physical pain 0-1 0.23(0.42)

Table S1: Summary statistics of Gallup variables



Max

Mean (SD) Total

300
116

Gallup Responses
Twitter Users

35295
394490

1,301,734
5,247,530

1966.4 (2579.9)
7926.8 (23099.2)

Table S2: County level summary statistics

estimates

Variable Category Source Years Description
Census Population
o Estimates, obtained through I
% Rural County Health Rankings 2010 Percentage of the population living in a rural area
(CHR) 2015
Census Population
o . Estimates, obtained through "
% Over 65 Demographics Gounty Health Rankings 2015 Percentage of the population 65 years of age or older
(CHR) 2017
% Female Percentage of the female population
% White Percentage of the Non-Hispanic white population
Median Age Median age
Median Income American Community Median household income (log transformed)
Survey (ACS) 2014, 5 year 2014 -
Unemployment Rate X X estimates Percentage of the population reported as unemployed
- Socioeconomics - - -
% with a Bachelor's Degree Percentage of population with a Bachelor's degree or higher
% with a High School diploma Percentage of population with a high school diploma (or equivalent) or higher
% Uninsured Percentage of the population without insurance
‘CMS, National Provider
: Identification file, obtained " ; .
Mental Health Providers through County Health 2014 Ratio of population to mental health providers
Access to Health |Rankings (CHR) 2015
Care Area Health Resource
File/American Medical
Primary Care Physicians Association, obtained 2012 Ratio of population to primary care physicians
through County Health
Rankings (CHR) 2015
Behavioral Risk Factor
Surveillance System,
Smoking obtained through County 2006-2012  |Percentage of adults who are current smokers
Health Rankings (CHR)
Health Behaviors |2015
CDC Diabetes Interactive
Atlas, obtained through
Obese County Health Rankings 2011 Percentage of adults that report a BMI of 30 or more
(CHR) 2015
Physicians I__icensed to Administer 2017 Number of physicians authorized to treat opioid dependency with buprenorphine by state
Buprenorphine
F; ies Providing All Medication gh: I\tlatlonileum.le_y °ft t 2017 Number of substance abuse treatment facilities offering all three Medication Assisted
Assisted Treatments ubstance Abuse Treatment Treatments services (Buprenorphine, Methadone, Naltrexone)
Pharmacotherapy |Facilities (N-SSATS)
Access Good Samaritan laws provide immunity from arrest, charge, or prosecution for controlled
Good Samaritan Law - 2017 substance possession when seeking medical assistance for opioid related overdoses.
g;?icrg"ggnl?‘rz‘g DAAb;;‘)B State-level binary indicator.
icy Sy v ot - P — T
Naloxone prescribers 2017 State laws whlcr) provide mmumty to individuals who adm_lmsle_r, possess, or prescibe (in
the case of medical professionals) naloxone. State-level binary indicator.
American Community
. Survey, obtains through Y Represents the percent of Black residents that would need to relocate to be fully integrated
Segregation Index ) County Health Rankings 2010-2014 | ik white residents across metropolitan neighborhaods
Economic and
. - (CHR) 2016
Racial Inequality American Community
Gini Income Inequality Survey (ACS) 2014, 5 year 2014 Measures the distribution of income across the population, with higher values representing

more inequality.

Table S3: Data sources for all area-based covariates




Perc

. Perc.w/ Perc. w/ Mental Primary Life Life Perc. Perc. Good  Med. Gini .
Fz::;ie ;ﬁm gj:l Over M;‘;L“ U“;‘;‘f:”"' [ﬁd Bach Health Care I::::é ; ;‘:3 E;i Sat.(5 Sat. Depress. Pain  Adult  Adult Pﬁ;g’ié Piast‘;}; Sam  Assisted Income R;'::l
65 Diploma * Degree Prov. Prowv. ) © years) (today) Smokers Obesity ’ © Law  Treat. Inequal. )
Perc. Female 1
Perc. White 029 1
Demographics Perc. Rural -0.25 050 1
Perc.Over65  0.06 040 037 1
Median Age 007 044 044 090 |
Perc.w/HS — g01 025 -0.15 001 0.1 1
Diploma
Socio- g&mp'“mm‘ 007 033 004 0.19 007 055 i
ECONIMES Median Income  -0.07 -0.05 -0.33 -0.30 -0.08  0.54 -0.53 1
Perc.wiBach 15 43 950 030 023 057 049 070 1
Degree
;’;‘f“”“hh 0.4 011 -020 -005 -008 021  -0.07 012 044 1
Access to Pri ) c
Healthcare P-Em e 929 013 -0.33 -0.09 -007 035 -030 024 0.63 058 1
Perc.Insured  0.02 -0.33 -0.10 -0.05 -021  -0.65 045 045 -033  -019 -024 |
Pos. Emo. 0.02 -0.01 -0.21 -006 -0.13 038 033 032 036 002 014 006 |1
Neg. Emo. 0.04 004 008 -0.15 -010 -034 020 <019 -013 0.14 000 010 -067 1
Subjective Life Sat. (5
Well-being ~ years) 0.17 -0.67 -0.62 -0.61 -060 0.5 013 045 061 023 029 010 035 -017 1
l‘tiof;ai‘;" 008 -021 -035 -0.12 -020 032  -0.40 046 063 021 036 -007 064 049 062 1
Depression  Depression 004 029 042 014 010 -035 024 063 -050 008 -0.09 0.4 -049 050 -0.51 -048 1
Pain Pain 011 032 049 034 029 -041 042 066 -074 -0.17 -034 022 -052 043 -068 -062 077 |
) Porc, Adult 001 021 044 025 025 032 034 062 071 -032 -039 0.5 -041 019 -0.55 -0.62 055 066 1
Behavioral Smokers
Health
calt g:s-igd“k 0.03 004 037 002 002 031 027 051 -070 -045 -041 0.2 -026 0.04 -036 -046 042 052 0.64 1
Buprenomphine 57 39 043 .0.15 014 -0.08 006 016 033 032 030 006 011 019 036 010 017 -026 -0.28  -0.34 1
Physicians
Pharmaco-  Naloxone 0.06 -0.02 -0.02 -0.02 001  -0.01 000 009 -001 -0.09 -0.06 -007 -002-001 001 -004 -014 -011 -0.04 -0.06 005 1
therapy Prescribers
Access Good SamLaw 0.04 -0.01 004 0.17 017  0.10 017 000 -002 -0.04 000 -026 -0.09 0.04 -013 -0.14 001 007 007  -0.04 000 0.2 1
Med Assisted 15 37 020 .0.10 009 -0.04 005 012 025 020 023 005 -010 014 024 005 010 -019 -0.19  -025 072 -0.01 007 1
Treatment
Ei“j:;‘;“m"' 032 038 -0.32 003 -0.11 -0.23 023 028 027 040 047 031 009 020 024 017 005 -009 -0.12 027 044 -0.08 004 032 1
Inequality R.ac{l e
Se;‘:gmim 003 017 000 0.8 018  0.05 002 -0.16 -0.07 018 016 014 004 016 -0.17 016 0.5 014 005 004 019 006 004 016 022 1

Table S4: Pearson correlations between all psychometric self-reports and area-based covariates.



Correlation with OPM

Behavioral Health 0.37
Perc. Adult Smokers 0.38
Perc. Adult Obesity 0.25
Pharmacotherapy Access 0.15
Good Sam Law 0.17
MNaloxone Prescribers -0.08
Buprenorphine Physicians -0.02
Medication Assisted Treatment 0.06
Inequality 0.15
Racial Segregation 0.17
Gini Income Inequality 0.00

Table SS: Correlation between OPM and behavioral health, pharmacotherapy access, and
inequality measures. Reported in-sample Pearson correlation except for groups of predictors

(italicized), which uses a 10-fold cross validation setup.

Opioid Mortality

(1) ) 3) (4) (5) (6)
Positive Emotions -0.32*** (0.04)

Negative Emotions 0.29*** (0.04)

Life Satisfaction (today) -0.31*** (0.04)

Life Satisfaction (5 years) -0.31*** (0.06)

Depression 0.28*** (0.04)

Pain 0.27*** (0.04)
Perc. Female 0.18*** (0.04) 0.15***(0.04) 0.19***(0.04) 0.19"**(0.04) 0.15***(0.04) 0.18"** (0.04)
Perc. White 0.16*** (0.04) 0.08 (0.04) 0.10* (0.04) -0.01 (0.05) 0.06 (0.04) 0.09* (0.04)
Perc. Rural 0.05 (0.04) 0.09* (0.04) 0.04 (0.04) 0.04 (0.05) 0.00 (0.05) 0.01 (0.05)

Median Age 0.22** (0.08)  0.32***(0.08)  0.25**(0.08) 0.33***(0.08) 0.47***(0.08) 0.42*** (0.08)
Perc. Over 65 -0.05 (0.08) -0.05 (0.08) -0.06 (0.08) -0.25** (0.08) -0.23**(0.08) -0.26** (0.08)
Counties 662 662 662 662 662 662

RA2 24 .23 .23 18 .21 .20

Table S6: Gallup psychological well-being measures with Demographic controls. Reported
standardized betas and standard errors. *** p <(0.001, ** p <0.01, * p <0.05



Opioid Mortality

) ) @) “) ®) (6)
Positive Emotions -0.37*** (0.04)
Negative Emotions 0.33*** (0.04)
Life Satisfaction (today) -0.37*** (0.05)
Life Satisfaction (5 years) -0.32*** (0.05)
Depression 0.30*** (0.05)
Pain 0.33*** (0.06)
Perc. High School 0.23*** (0.05) 0.28***(0.05) 0.11*(0.05) 0.07 (0.05) 0.17***(0.05) 0.13**(0.05)
Perc. Bach. Degree -0.18*** (0.05) -0.29*** (0.05) -0.01(0.06) -0.01(0.07) -0.20***(0.06) -0.06 (0.06)
Median Income (log) -0.09 (0.05) -0.07 (0.05)  -0.10(0.05)  -0.04 (0.05) 0.08 (0.06) -0.00 (0.06)
Unemployment rate -0.04 (0.05) -0.01 (0.05)  -0.05 (0.05) 0.06 (0.05) 0.06 (0.05) -0.00 (0.05)
Counties 662 662 662 662 662 662
R*2 18 .16 A5 A2 A2 Nk

Table S7: Gallup psychological well-being measures with Socioeconomic controls. Reported
standardized betas and standard errors. *** p <0.001, ** p <0.01, * p <0.05

Opioid Mortality

M) (2) ®) “) (’) (6)
Positive Emotions -0.37*** (0.04)
Negative Emotions 0.32*** (0.04)
Life Satisfaction (today) -0.39*** (0.04)
Life Satisfaction (5 years) -0.33*** (0.04)
Depression 0.35*** (0.04)
Pain 0.38*** (0.04)
Primary Care Providers -0.05 (0.04) -0.09 (0.04) 0.02 (0.05) -0.02 (0.05) -0.06 (0.04) 0.01 (0.05)
Mental Heath Providers -0.02 (0.04) -0.06 (0.05) 0.01 (0.04) 0.04 (0.04) -0.06 (0.04) -0.01 (0.04)
Uninsured -0.24*** (0.04) -0.27*** (0.04) -0.22***(0.04) -0.17*** (0.04) -0.28*** (0.04) -0.29*** (0.04)
Counties 662 662 662 662 662 662
RA2 19 15 19 15 A7 .18

Table S8: Gallup psychological well-being measures with Access to Health Care controls.
Reported standardized betas and standard errors. *** p <0.001, ** p <0.01, * p <0.05



Opioid Mortality

0

@)

®) “) () ®)

Positive Emotions
Negative Emotions

Life Satisfaction (today)
Life Satisfaction (5 years)
Depression

Pain

Good Sam Law

-0.35"** (0.04)

0.14** (0.04)

0.29"* (0.04)

0.16"* (0.04)

-0.35*** (0.04)
-0.37°* (0.04)
0.31*** (0.04)
0.32*** (0.04)
0.12*** (0.04) 0.14*** (0.04)

0.12 (0.04)  0.17*** (0.04)

Naloxone Prescribers -0.09" (0.04) -0.08*(0.04) -0.10**(0.04) -0.09*(0.04) -0.05(0.04)  -0.06 (0.04)
Buprenorphine Physicians -0.13*(0.05)  -0.15** (0.05)  -0.06 (0.05)  0.03(0.05)  -0.04 (0.05)  -0.03 (0.05)
Medication Assisted Treatment ~ 0.11*(0.05)  0.12*(0.05)  0.11*(0.05)  0.12*(0.05)  0.11*(0.05)  0.13* (0.05)
Counties 662 662 662 662 662 662
RA2 A7 A2 A7 16 A3 14

Table S9: Gallup psychological well-being measures with Pharmacotherapy Access controls.
Reported standardized betas and standard errors. *** p <0.001, ** p <0.01, * p <0.05

Opioid Mortality

) (] 3 “) ®) (6)
Positive Emotions -0.25"** (0.04)
Negative Emotions 0.22*** (0.04)
Life Satisfaction (today) -0.21*** (0.05)
Life Satisfaction (5 years) -0.19*** (0.04)
Depression 0.14** (0.04)
Pain 0.12* (0.05)
Smoking 0.27*** (0.05) 0.31*** (0.05) 0.26*** (0.05) 0.27***(0.05) 0.31***(0.05) 0.31***(0.05)
Obese 0.01 (0.05) 0.04 (0.05) -0.01 (0.05) 0.01 (0.05) -0.01 (0.05) -0.01 (0.05)
Counties 662 662 662 662 662 662
RA2 .20 19 A7 A7 .16 .16

Table S10: Gallup psychological well-being measures with Health behaviors controls. Reported
standardized betas and standard errors. *** p <(0.001, ** p <0.01, * p <0.05

Opioid Mortality

(1) 2) @3) ) (5) (6)
Positive Emotions -0.34*** (0.04)
Negative Emotions 0.26*** (0.04)
Life Satisfaction (today) -0.35*** (0.04)
Life Satisfaction (5 years) -0.32*** (0.04)
Depression 0.26*** (0.04)
Pain 0.27*** (0.04)
Segregration 0.13*** (0.04) 0.14***(0.04) 0.10**(0.04)  0.10*(0.04) 0.13***(0.04) 0.13***(0.04)
Gini income inequality -0.07 (0.04)  -0.09* (0.04) 0.03 (0.04) 0.05 (0.04) -0.05 (0.04) -0.01 (0.04)
Counties 652 652 652 652 652 652
RA2 16 .09 .16 .13 .10 .10

Table S11: Gallup psychological well-being measures with Economic and Racial Inequality
controls. Reported standardized betas and standard errors. *** p <0.001, ** p <0.01, * p <0.05
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Figure S2: Scatter plots for all area-based covariates and psychometric self-reports. We report
both Pearson and Spearman correlations, as well as linear fit lines (black) and lowess curve (red)
in order to highlight both linear and non-linear relationships.



Mean Squared Error Mean Absolute Error

Twitter + All non-language 111.8 71
Twitter Alone 119.1 7.4
All non-language 148.9 85
Subjective Well-being 154.1 8.6
Access to Health Care 161.1 89
Depression 166.6 9.2
Pain 169.2 9.2
Socio-demographics 171.1 9.2

Table S12: Additional out-of-sample prediction metrics for all models evaluated in Figure 2.
Mean Absolute Error shows that the Twitter + All non-language model is able to predict
county-level opioid poisoning rates within 7.1 age-adjusted deaths per 100,000 people (on
average).

Opioid Poisoning Mortality: Age-adjusted vs. Crude Rate

The CDC censors age-adjusted mortality rates for counties with less than 20 deaths and crude
rates (not age-adjusted) for counties with less than 10 deaths. Thus, we could expand our sample
size by considering the crude rate as opposed to the age-adjusted rate used throughout the
manuscript. Using the same multiple cause of death codes, we collect non-age adjusted opioid
poisoning mortality for 2017 and 2018. This is available for 921 counties which also have all
other data available (Twitter, psychometric self-reports, and area-based covariates).

Since we would still like to minimize the influence of age in our results, we create an
age-residualized version of the opioid mortality crude rate. To do this we gather national-level
Census data from the 2014 American Community Survey. We collect the county-level percentage
of the population in three age terciles (where the terciles are calculated at the national-level):
younger than 25 years old, 25 to 49, and 50 years and older. We create a linear regression model
where we predict OPM from the age terciles. We then use the residuals from this model as our
age-adjust crude OPM rate. Finally, we predict the age-adjust crude OPM rate from our
multimodal data (reproducing Figure 2) on the larger sample size (n = 921) and the sample used
in the paper (n = 622). We also report the out-of-sample prediction accuracy using the CDC
age-adjusted rate (i.e., the values from Figure 2) in order to aid the comparison. Here we note
that we are changing both the sample size and the OPM measure. We consider both cases
separately below.

We consider the manually age-adjusted OPM rate across the smaller sample size (i.e., the same
sample size used throughout the main analyses) and compare this to the results in Figure 2,
which uses the CDC age-adjusted mortality rate. As shown in the last two columns of Table S13,
the CDC age-adjusted mortality rate is easier to predict from both Twitter and non-language
variables. One possible explanation for this is that the residualizing process may be a stricter
age-adjustment process and, therefore, removes any age signal from the outcome. Thus, any
age-related features (e.g., median age, percentage of the population over 65, and Twitter
language) will be weaker predictors.



Comparing the first two columns of Table S13 (i.e., comparing changes in sample sizes as
opposed to comparing changes in age-adjustments), we see that the large sample size has (1)
smaller predictive accuracy when using Twitter-based models and (2) little or no change in
predictive accuracy when using non-Twitter-based models (the area-based covariates and
psychometric self-reports). We note that the additional 259 counties used in the expanded sample
size have a much smaller number of Twitter users making up the language estimates. The
average number of Twitter users per county in the 622 counties is 7,926.8 (SD = 23,099.2;
median = 2,091), whereas the average in the 259 additional counties is 1052.4 (SD = 1,265.1;
median = 1,410). It could be that the language estimates for the 259 are noisier than the 622
counties, due to the smaller number of observations that are being aggregated. Past research has
shown that a larger number of Twitter users per county results in higher out-of-sample prediction
accuracy (Giorgi et al., 2018).

Manual CDC
Age-adjustment Age-adjustment

Twitter + All non-language 0.57 0.63 0.68
Twitter Alone 0.54 0.59 0.65
All non-language 0.44 0.45 0.52
Subjective Well-being 0.41 0.43 0.49
Access to Health Care 0.37 0.38 0.46
Depression 0.34 0.37 0.43
Pain 0.33 0.34 0.41
Socio-demographics 0.31 0.32 0.40
n 921 622 662

Table S13: Out-of-sample prediction accuracy using the age-adjusted OPM rate across a larger
sample (n = 921) and the sample used in the paper (n = 622). We include the results from Figure
2 in the column CDC age-adjustment to aid the comparisons.

Underlying and Multiple Cause of Death Codes

The opioid poisoning mortality rates used in this work were collected from the CDC WONDER
database using the multiple cause of death codes without considering the underlying cause of
death. To address this we obtained age-adjusted rates using the multiple cause of death ICD-10
codes (T40.0, T40.1, T40.2, T40.3, T40.4, and T40.6) along with the following underlying cause
of death codes: X40-44, X60-64, X85, and Y10-Y 14. We then correlated these rates with rates
used in the main analysis. The two rates correlated at Pearson r = 0.99.

Drug Lexical Analysis

Rather than looking for general insights into these communities, we would like to know if
communities who suffer from higher opioid poisonings also talk more about drugs and/or
alcohol. We used several substance use related lexica with categories for alcohol, drugs, smoking
and recovery. For each lexica, we count the number of words appearing in the respective lexical
category (e.g., drugs, smoking, or heroin) and normalize that count by the total number of words



written by each county. We then correlate, at the county-level, the normalized word count with
OPM.

We first used the 2018 list of Slang Terms and Code Words from the Drug Enforcement
Administration (DEA)? and consider the fentanyl, heroin, and all categories. Note that the most
frequent words in our data set are ambiguous e.g. “facebook” is defined by the DEA as “fentanyl
mixed with heroin in pill form.” The next substance use related lexicon we used has three
categories, each related to various types of substance use (alcohol, drugs, and smoking), and a
single category containing all words from the three smaller categories®. These categories were
derived from a large sample of substance abuse related tweets and used to investigate
relationships between substance abuse and various socio-demographic variables at the
community level (i.e., U.S. zip codes). Finally, another study attempted to identify youth beliefs
and behaviors in relation to drug use through a sample of tweets from young adults geotagged in
Pennsylvania®. In general, these lexica tend to use highly specific words or phrases. Due to their
infrequent nature, they do not appear in our Twitter data set, which consists of 25,000 unigrams
(the most frequent in the data set).

Substance Category Most Frequent Words Correlation with OPM
Drug Enforcement Administration (DEA)
Fentanyl girl, friend, crazy, food, facebook 0.14
Heroin night, down, him, girl, black 0.20
All up, love, go, day, night 0.22
Meng et al., 2017
Alcohol drunk, beer, alcohol, vodka 0.07
Drugs get high, cocaine, smoke weed, smokir 0.09
Smoking beer, #beer, tobacco, cigars 0.03
All drunk, beer, alcohol, vodka, get drunk 0.07
Stevens etal., 2019
Drugs high, drunk, smoke, beer, roll 0.00

Table S14: Pearson correlation with substance related lexica along with the top five most
frequent words from each lexica appearing in our Twitter data set.
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