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Abstract

Importance: Psychosis is a hypothesized consequence of cannabis use. Legalization of cannabis 

could therefore increase rates of healthcare utilization for psychosis.

Objective: Evaluate the association of state medical and recreational cannabis laws and 

commercialization with rates of psychosis-related healthcare utilization.

Design: Retrospective cohort design using state-level panel-fixed effects to model within-state 

changes in monthly rates of psychosis-related healthcare claims as a function of state cannabis 

policy level adjusting for time-varying state-level characteristics and state, year, and month fixed 

effects.

Setting: Commercial and Medicare Advantage claims data in all 50 US states and the District of 

Columbia, 2003–2017

Participants: 63,680,589 beneficiaries aged ≥16 years

Main Outcomes & Measures: State cannabis legalization policies were measured for each 

state and month based on law type (medical or recreational) and degree of commercialization 

(presence or absence of retail outlets). Outcomes were rates of psychosis-related diagnoses and 

prescribed antipsychotics.
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Results: This study included 63,680,589 beneficiaries followed for 2,015,189,706 person-

months. Women comprised 51.8% of follow-up time with the majority of person-months recorded 

for those ≥65 years (77.3%) and among White beneficiaries (64.6%). Results from multivariate 

analysis showed no statistically significant increase in rates of psychosis-related diagnoses 

(medical, no retail outlets RR=1.13, 95% CI: 0.97–1.36; medical, retail outlets RR=1.24, 95% 

CI: 0.96–1.61; recreational, no retail outlets RR=1.38, 95% CI: 0.93–2.04; recreational, retail 

outlets RR=1.39, 95% CI: 0.98–1.97) or prescribed antipsychotics (medical, no retail outlets 

RR=1.00, 95%CI: 0.88–1.13; medical, retail outlets RR=1.01 95%CI: 0.87–1.19; recreational, no 

retail outlets RR=1.13, 95%CI: 0.84–1.51; recreational, retail outlets RR=1.14, 95%CI: 0.89–1.45) 

versus no policy. In exploratory secondary analyses, rates of psychosis-related diagnoses increased 

significantly among men, people aged 55–64, and Asian beneficiaries in states with recreational 

policies compared with no policy.

Conclusions & Relevance: In this retrospective cohort study of commercial and Medicare 

Advantage claims data, state medical and recreational cannabis policies were not associated with a 

statistically significant increase in rates of psychosis-related health outcomes. As states continue to 

introduce new cannabis policies, continued evaluation of psychosis as a potential consequence of 

state cannabis legalization may be informative.

Introduction

Psychosis has long been investigated as a potential consequence of cannabis use. Among 

Swedish conscripts followed from 1969–1983, Andréasson and colleagues found a three-

fold increased risk for schizophrenia associated with heavy cannabis use compared 

with non-users.1,2 An association between cannabis use and psychosis has since been 

demonstrated in numerous longitudinal studies.3-16 Findings from experimental research 

and GWAS and Mendelian randomization studies further support a causal link between 

cannabis use and schizophrenia.3,17-19 Whether cannabis plays an etiologic role in the onset 

of psychosis nevertheless remains a point of controversy.17,20

In the United States (U.S.) an estimated 48.2 million people ages 12 and older used 

cannabis at least once in 2019.21 As of June 2022, medical cannabis is legal in 38 

states and 19 permit recreational use.22 With legalization, the price of cannabis has fallen 

substantially.23,24 Simultaneously, the average THC content of herbal cannabis in the U.S. 

increased markedly from 4% in 1996 to 17% in 2017.25-27 Past research on the impacts of 

cannabis legalization in the U.S. suggests a range of potential effects including decreased 

arrest rates,28 increased clearance rates for violent crimes,29 increased rates of cannabis 

use disorder,30,31 and increased rates of self-harm among men younger than 40 years.32 

A limited number of studies have further identified increased rates of psychotic disorders 

associated with state and regional cannabis legalization in the US and with national policies 

in Canada and Portugal.33-36 As states continue to introduce cannabis legislation, a thorough 

and comprehensive understanding of their potential health effects is essential. Yet to our 

knowledge, no studies have examined trends in psychosis-related outcomes as a function of 

medical and recreational cannabis laws across all U.S. states.

Elser et al. Page 2

JAMA Netw Open. Author manuscript; available in PMC 2023 February 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



We evaluate the association of state cannabis legalization with rates of psychosis-related 

healthcare claims among privately-insured individuals followed from 2003–2017. As the 

impacts of cannabis policies may depend on the provisions included,32,37 we define a 

measure of state cannabis policy that considers both medical and recreational laws and 

identifies whether states permitted commercial sales through retail outlets. We hypothesized 

a priori that rates of psychosis-related diagnoses and prescribed antipsychotics would be 

increased in states with recreational policies and in those permitting commercial sales. 

As the health effects of state cannabis policies may differ within populations,30-32 we 

considered rates of psychosis-related claims by gender, age, and race/ethnicity.

Methods

The Optum Clinformatics Data Mart Database is a de-identified commercial and Medicare 

Advantage claims database comprised of more than 63 million unique individuals followed 

from January 1, 2003–December 31, 2017. Study data included member enrollment data, 

diagnostic codes, and pharmacy claims deterministically linked across file types with a 

unique patient identifier. This study included all beneficiaries ages ≥16 years with at least 

one month of insurance eligibility during the study period.

In this retrospective cohort study, we leveraged a panel fixed-effects design—an extension 

of differences-in-differences—in which the state-month was the unit of analysis to evaluate 

the association of state cannabis policies with rates of psychosis-related healthcare claims.38 

We counted the number of unique claims with psychosis-related diagnoses, prescribed 

antipsychotics, and enrolled individuals for each state -month of follow-up. These values 

were merged with a time-varying categorical measures of state cannabis policy level and 

state-level demographic, social, and economic characteristics. This study was approved by 

the Institutional Review Board at Stanford University (Protocol #56615) and is reported 

per the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 

guidelines. The analysis plan was prepared and pre-registered in August 2021 (10.17605/

OSF.IO/2PS64). Additions to the pre-registered plan are summarized in Appendix A 

(Supplemental Materials).

State cannabis policy level

Decriminalization removes criminal penalties for simple possession and use of cannabis. 

Past research suggest that decriminalization does not exert a sufficiently large effect on 

cannabis use rates to influence rates of psychotic disorders.39 This analysis therefore focuses 

on legalization, in which personal use; cultivation of cannabis; or its production, promotion, 

and sale is permitted.

As in prior research,32 we created a time-varying categorical variable reflecting the type of 

cannabis use permitted (medical or recreational) and whether retail outlets were open and 

operational. Cannabis legalization policies without retail outlets allowed only home-grown 

cannabis or had not yet implemented commercial sales.40 Data for recreational cannabis 

laws were derived from the Alcohol Policy Information System cannabis law database. Data 

for medical cannabis laws were derived from public research available through 2017.41 

For each state- month, we assigned state cannabis policy levels as follows: no medical or 
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recreational policy; medical only, no retail outlets; medical only, retail outlets; recreational, 

no retail outlets; or recreational, retail outlets. In all analyses, states with no medical or 

recreational policy (hereafter, “no policy”) served as the referent.

Psychosis-related claims

Claims with psychosis-related diagnoses (hereafter, “diagnoses”) were identified using 

codes from the International Classification of Diseases, Ninth and Tenth Revisions 
(ICD-9 and ICD-10) and sub-classified as: non-affective psychoses; mood disorders 

with psychotic features; substance-related psychosis; and other psychosis (Supplemental 

Table 1). Prescribed antipsychotics were identified from outpatient pharmacy records and 

sub-classified as first- or second-generation (Supplemental Table 2). Prescriptions were 

standardized such that a 30-day supply counted as one prescription.

State-level characteristics

Time-varying state-level covariates included alcohol law stringency score42; the annual 

percentage of non-Hispanic Asian, non-Hispanic Black, non-Hispanic White, and Hispanic 

residents from the US Census (2002–2009) and American Community Survey (2010–2017); 

annual percent living in poverty and median income from the Small Area Income and 

Poverty Estimates Program; and monthly percent unemployed from the Bureau of Labor 

Statistics Local Area Unemployment Files. We also included the count of all unique claims 

and prescriptions for each state-month as a measure of overall utilization.

Statistical analyses

We used panel fixed-effects to model rates of psychosis-related healthcare claims as a 

function of state cannabis policy level.43 We used generalized negative binomial regression 

as statistical testing of dispersion indicated it was appropriate than Poisson or quasi-Poisson. 

Counts of psychosis-related diagnoses and prescribed antipsychotics were the outcomes of 

interest. The number of eligible beneficiaries for each state-month was specified as the offset 

to estimate rate ratios (RRs).

All analyses included state fixed effects to account for potential confounding by time-

invariant state characteristics. Calendar year fixed effects were included to address state-

invariant secular trends including increased consumption of cannabis-containing product and 

potential discontinuities in psychosis-related claims introduced by the ICD transition. Month 

fixed effects were included to address potential seasonality in psychosis-related outcomes. 

We additionally adjusted for the above-described time-varying state-level characteristics 

lagged by one year to ensure temporal order. For all analyses, we calculated 95% confidence 

intervals (CI) with robust standard errors to account for repeated observations within states 

over time. Statistical inferences are presented based on alpha=0.05.

Secondary Analyses—We conducted subgroup analyses within strata defined by gender 

(men, women), age group (16–34; 35–54; 55–64; ≥65), gender and age group, categorical 

race/ethnicity (Asian, Black, Hispanic, White) as included in beneficiary enrollment 

files, and within subgroups of diagnoses and prescriptions. Secondary analyses were 
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exploratory, and therefore we did not adjust for multiple comparisons consistent with expert 

recommendations.45

Sensitivity Analyses—We conducted the following robustness checks: (1) we defined the 

sum of all unique claims and prescriptions for all health conditions as alternative offsets to 

account for changes in overall healthcare utilization; (2) we tested a six-category exposure 

that separated recreational cannabis policies into those with and without THC dose-related 

restrictions;46,47 (3) we tested a three-category exposure variable (no policy, medical policy, 

recreational policy); (4) we restricted to state-months with some form of cannabis policy 

(i.e., we excluded state-months that did not adopt any form of cannabis legalization over 

the study period, and set medical policies without retail outlets as the referent); (5) we 

conducted negative control analyses48 including use of the rate of all unique diagnoses 

and all unique prescriptions as negative control outcomes, hypothetical law changes at 

randomly assigned dates as a negative control exposure, and naloxone overdose prevention 

laws as a negative control exposure to assess potential residual confounding by factors that 

influence drug policy; (6) we implemented an alternative estimator proposed by Callaway 

and Sant’Anna that relaxes the typical assumption of panel fixed effects estimators that 

policy effects are constant over time and do not depend on the timing of legalization.49 

(Appendix B in the Supplemental Materials).

Results

This study included 63,680,589 beneficiaries with 2,015,189,706 total person-months of 

follow-up. Women comprised 51.8% of follow-up time with 77.3% of person-months 

recorded among individuals ≤65 years and 64.6% among White beneficiaries. There were 

7,503,907 psychosis-related diagnoses and 20,799,285 filled prescriptions for antipsychotics 

recorded over the study period. 29 states adopted medical or recreational cannabis 

legalization policies (Figure 1). Characteristics of the study population are presented in 

the Table. Additional state characteristics are summarized by state cannabis policy level in 

Supplemental Table 3.

Crude rates were highest for state-months with recreational policies allowing retail outlets 

for both psychosis-related diagnoses (5.47 diagnoses per 1,000 person-months of follow-

up, 95%CI: 5.45–5.49) and prescribed antipsychotics (19.22 prescriptions per 1,000 

person-months of follow-up, 95%CI: 19.18–19.27) (Supplemental Table 4). Results from 

multivariate analysis showed no statistically significant increase in rates of psychosis-related 

diagnoses (medical, no retail outlets RR=1.13, 95% CI: 0.974–1.36; medical, with retail 

outlets RR=1.24, 95% CI: 0.96–1.61; recreational, no retail outlets RR=1.38, 95% CI: 

0.93–2.04; recreational, with retail outlets RR=1.39, 95% CI: 0.98–1.97) or prescribed 

antipsychotics (medical, no retail outlets RR=1.00, 95%CI: 0.88–1.13; medical with retail 

outlets RR=1.01 95%CI: 0.87–1.19; recreational, no retail outlets RR=1.13, 95%CI: 0.84–

1.51; recreational with retail outlets RR=1.14, 95%CI: 0.89–1.45) versus states with no 

policy (Figure 2, Supplemental Table 5).
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Secondary analyses

In exploratory secondary analyses, rates of psychosis-related diagnoses were increased in 

states with recreational policies as compared with no policy for men (medical, no retail 

outlets RR=1.12, 95%CI: 0.93–1.35; medical with retail outlets RR=1.27, 95%CI: 0.89–

1.65; recreational, no retail outlets RR=1.62, 95%CI: 1.08–2.41; recreational with retail 

outlets RR=1.42, 95%CI: 1.01–2.01) among those ages 55–64 (medical, no retail outlets 

RR=1.13, 95%CI: 0.88–1.43; medical with retail outlets RR=1.47, 95%CI: 1.05–2.04; 

recreational, no retail outlets RR=2.03, 95%CI: 1.27–3.27; recreational with retail outlets 

RR=1.94, 95%CI: 1.21–3.12) and among Asian beneficiaries (medical, no retail outlets 

RR=1.09, 95%CI: 0.92–1.29; medical with retail outlets RR=1.24, 95%CI: 0.98–2.38; 

recreational, no retail outlets RR=1.46, 95%CI: 1.08–2.39; recreational with retail outlets 

RR=1.61, 95%CI: 1.08–2.38). We observed no statistically significant association with 

prescribed antipsychotics. (Figures 2-4; Supplemental Tables 6-9). Analysis by diagnostic 

subgroup and for first versus second generation antipsychotics were consistent with those of 

our primary analysis (Supplemental Tables 10-11).

Sensitivity analyses

Results of sensitivity analyses were generally consistent with our main analyses with 

alternative offsets; three- and six-category exposure metrics; and when analysis was 

restricted to state-months with some form of cannabis policy in place (Supplemental 

Tables 12-15). Negative control analyses with unique diagnoses specified as the outcome 

of interest showed an inverse association for recreational policies with no retail outlets. 

We observed a dose-response pattern consistent with our primary analysis when unique 

prescriptions were specified as the outcome of interest (Supplemental Table 16). Negative 

control analyses with hypothetical law changes at randomly assigned dates showed no 

evidence of an association, as expected (Supplemental Table 17). We observed a small 

positive association when naloxone laws were assigned as the exposure of interest for both 

diagnoses (RR=1.18, 95%CI: 1.05–1.32) and prescriptions (RR=1.15, 95%CI: 1.07–1.25) 

(Supplemental Table 18). Using the Callaway and Sant’Anna estimator, we observed a 

pattern of positive associations for increasingly permissive state cannabis policies, consistent 

with our primary analysis (Supplemental Table 19).

Discussion

Psychotic disorders are known to cause considerable personal suffering and may impede 

an individual’s ability to complete their education, maintain employment, and otherwise 

function as expected in society.50 This study is the first and largest to quantify the 

association of medical and recreational cannabis policies with rates of psychosis-related 

healthcare claims across US states. We found that state medical and recreational cannabis 

policies were not associated with a statistically significant increase in rates of psychosis-

related health outcomes. In exploratory secondary analyses, rates of psychosis-related 

diagnoses increased significantly among men, people aged 55-64, and Asian beneficiaries in 

states with recreational policies compared with no policy.
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A limited number of prior studies studies have generally reported increased rates of 

psychosis-related health outcomes in association with state and local cannabis policies. In 

Colorado, Hall et al. analyzed administrative records from statewide emergency department 

(ED) visits following legalization of recreational cannabis from 2012–2014. They found 

a ninefold increase in the prevalence of schizophrenia and other psychotic disorders in 

cannabis-associated ED visits compared with visits unrelated to cannabis.33 Using cross-

sectional data from the 2017 National Inpatient Sample, Moran et al. found that in the 

Pacific census division–where most states had introduced recreational cannabis policies by 

2017–odds of psychosis-related hospitalization were higher than elsewhere in the US.34 

Callaghan et al. found that ED presentations for cannabis-induced psychosis in Ontario 

and Alberta doubled between April 2015–December 2019 following legalization via the 

Cannabis Act on October 17, 2018.36 Finally, Gonçalves-Pinho et al. reported an increase in 

the percentage of patients with a psychotic disorder and increases in cannabis use prevalence 

from 0.87 to 10.6% in Portugal in the 15 years following decriminalization.35

Our analysis naturally extends the existing literature by leveraging prospectively recorded 

healthcare claims for the entire U.S. Whereas prior studies have focused on the effects 

of medical or recreational cannabis policies alone,30,31,33,34 Our analysis considers both 

medical and recreational policies and whether commercial sales were permitted.40 Cannabis 

commercialization is hypothesized to magnify cannabis use and related outcomes through 

reduced prices, widespread marketing, and expanded availability of high-potency cannabis-

containing products.24,51 Prior studies have also demonstrated that associations depend on 

whether the policy permitted commercial sales.32,37

In contrast with these prior studies, we did not observe a statistically significant association 

of state cannabis policy level with overall rates of psychosis-related diagnoses or prescribed 

antipsychotics. Importantly, our outcome measures were comprised of psychosis-related 

diagnosis codes associated with healthcare delivery, and therefore do not capture episodes 

of psychosis among individuals who do not receive treatment. Because we cannot reliably 

distinguish new from existing psychotic disorders using administrative data, it is possible 

that state cannabis legalization has differential effects on incident versus prevalent psychosis 

that our results do not reflect. As states continue to introduce cannabis policies, the 

implications of state cannabis legalization for psychotic disorders warrants continued 

study, particularly in data settings where direct measures of disease onset and severity are 

available.

Finally, our analysis included exploratory subgroup analysis by gender, age, and race/

ethnicity. Racial and ethnic disparities have been reported less frequently in the literature 

on cannabis and psychosis,23 but are an important area for future study given the potential 

for differences in social class, norms around mental illness, material resources, access to 

mental healthcare, and provider bias to create and perpetuate disparities. In analysis by 

gender and age, results were accentuated among men and among those ages 55–64 years. 

Past research identified heavy cannabis use in adolescence as a salient risk factor for 

onset of psychosis in young adulthood,52 but little research has examined middle-aged and 

older adults. However, age is a significant predictor of mental healthcare utilization, and 

middle-aged adults are generally more likely to receive services than those at the extremes of 

Elser et al. Page 7

JAMA Netw Open. Author manuscript; available in PMC 2023 February 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



age.53 More broadly, findings by gender, age, and race/ethnicity underscore the importance 

of continued examination of heterogeneous effects of cannabis policies and the implications 

of these differences for health inequities.

Limitations

As psychotic disorders are associated with lower socioeconomic position,54 generalizability 

of our study findings is limited by our focus on insured individuals likely with fluctuating 

representativeness within states over the study period. We aimed to minimize confounding 

by controlling for state and time fixed effects and time-varying state-level characteristics, 

but residual confounding by factors associated with the broader policy environment such 

as expanded social safety net programs, rates of comorbid substance use, and preferential 

relocation by individuals predisposed to psychosis is possible. This is evidenced by the 

non-null association of naloxone access laws (designated as a negative control exposure) 

with psychosis-related diagnoses and prescribed antipsychotics.

The study period spans the period before and after the Affordable Care Act (ACA) was 

passed into law in 2010. We anticipate that potential confounding by passage of the ACA 

in our analysis is minimized. First, there is no clear evidence of an immediate effect of 

the ACA on state cannabis policy level as only two states (Delaware, New Jersey) and the 

District of Columbia introduced new state cannabis policy shortly after passage of the ACA. 

Second, our analysis includes fixed effects for calendar year. This means that any changes 

that applied to all state at the same time are controlled by design with these fixed effects. If 

there is residual confounding due to the ACA, it would be because the influence of the ACA 

differs in a time-varying and state-specific way

We did not adjust for multiple comparisons in exploratory secondary analyses. Although 

Bonferroni correction may have desirable properties when the sample size is large and a 

moderate number of tests are performed, we note the effective sample size in our analysis 

is much smaller than the number of claims because the unit of analysis is the state-month. 

Nevertheless, we acknowledge the potential risk of Type I Error (i.e., false positive results) 

without correction for multiple comparisons.55,56 Finally, several unexpected secondary 

findings are not easily explained and warrant further consideration. These include the 

minimal association with recreational cannabis policies that permit retail outlets but make 

no THC dose-related restrictions, and the dose-response association between cannabis 

policy level and overall rates of prescriptions. Future analyses should explore systematic 

differences in state-level factors including prescribing patterns that may be correlated with 

cannabis policies.

Conclusions

In this retrospective cohort study of commercial and Medicare Advantage claims data, state 

medical and recreational cannabis policies were not associated with a statistically significant 

increase in rates of psychosis-related health outcomes. As U.S. states continue to legalize the 

use, production, promotion, or sale of cannabis, continued examination of the implications 
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of state cannabis policies for psychotic disorders may be informative, particularly with study 

designs that yield precise estimates in high-risk population subgroups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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KEY POINTS

Question:

Is state cannabis legalization or commercialization associated with increased rates of 

psychosis-related healthcare claims?

Findings:

In this panel fixed effects analysis of claims data from 63,680,589 beneficiaries from 

2003–2017, there was no statistically significant difference in the rates of psychosis-

related diagnoses or prescribed antipsychotics in states with medical or recreational 

cannabis policies as compared to states with no such policy.

Meaning:

State cannabis policy level was not associated with a statistically significant difference 

in rates of psychosis-related outcomes. As states continue to introduce new cannabis 

policies, ongoing evaluation of psychosis as a potential consequence of state cannabis 

legalization may be informative.
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Figure 1. 
Classification of state cannabis policy level by state, 2003 – 2017. Reproduced from 

“Evaluation of state cannabis laws and rates of self-harm and assault” (Matthay et al. 2021)
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Figure 2. Adjust results for rates of psychosis-related diagnoses and prescriptions by state 
cannabis policy level, 2003 – 2017.
Rate ratios were calculated using negative binomial models with person-months at risk as 

the offset. Models were adjusted for state-level confounders including percent non-Hispanic 

Black, non-Hispanic Asian, and Hispanic; percent unemployed and percent renting their 

home; median income; and the overall claims rate. We included fixed effects for state, year, 

and calendar month to address spatial and temporal autocorrelation. 95% CI were calculated 

with robust standard errors to account for repeated observations within states over time.
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Figure 3. Adjust results for rates of psychosis-related diagnoses and prescriptions by state 
cannabis policy level by age group, 2003 – 2017.
Rate ratios were calculated using negative binomial models with person-months at risk as 

the offset. Models were adjusted for state-level confounders including percent non-Hispanic 

Black, non-Hispanic Asian, and Hispanic; percent unemployed and percent renting their 

home; median income; and the overall claims rate. We included fixed effects for state, year, 

and calendar month to address spatial and temporal autocorrelation. 95% CI were calculated 

with robust standard errors to account for repeated observations within states over time.
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Figure 4. Adjust results for rates of psychosis-related diagnoses and prescriptions at varying 
levels of cannabis commercialization by race/ethnicity, 2003 – 2017.
Rate ratios were calculated using negative binomial models with person-months at risk as 

the offset. Models were adjusted for state-level confounders including percent non-Hispanic 

Black, non-Hispanic Asian, and Hispanic; percent unemployed and percent renting their 

home; median income; and the overall claims rate. We included fixed effects for state, year, 

and calendar month to address spatial and temporal autocorrelation. 95% CI were calculated 

with robust standard errors to account for repeated observations within states over time. 

Because of sparsity of observations across covariate strata, for subgroup analysis among 

Asian beneficiaries we excluded observations from the four states with the fewest Asian 

beneficiaries (VT, SD, M, and AK) to calculate cluster robust standard errors (0.09% of 

follow-up time in this subgroup).
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