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SUPPLEMENTAL METHODS 

Missing Values 

Less than 5% of covariates were missing. Complete case analysis is unlikely to introduce 

bias at such low levels of missingness, so imputation of missing values was not conducted.[1–4] 

Moreover, we did not impute missing values for outcome variables, as this may add noise to 

resulting estimates.[5]  

 

Instrumental Variables Analysis 

The IV analysis followed a standard two-stage least-squares approach and is represented by 

the following two equations for each individual 𝑖𝑖 in year 𝑡𝑡:   𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖 =  𝛼𝛼0 + 𝛼𝛼1𝐸𝐸𝐼𝐼𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖 + 𝛼𝛼2𝑋𝑋𝑖𝑖𝑖𝑖 +  𝜃𝜃𝑖𝑖 + 𝜆𝜆𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖   (1) 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑡𝑡ℎ𝑖𝑖𝑖𝑖 =  𝛽𝛽0 + 𝛽𝛽1𝐼𝐼𝐼𝐼𝐼𝐼� 𝑖𝑖𝑖𝑖 + 𝛽𝛽2𝑋𝑋𝑖𝑖𝑖𝑖  +  𝜃𝜃𝑖𝑖 +  𝜆𝜆𝑖𝑖 + 𝜐𝜐𝑖𝑖𝑖𝑖   (2) 

Equation (1) represents the first stage of the IV analysis, where post-tax household income (the 

endogenous variable) was regressed on EITC refund size (the instrument), adjusting for 

individual-level characteristics 𝑋𝑋𝑖𝑖𝑖𝑖, individual-level fixed effects 𝜆𝜆𝑖𝑖, and year fixed effects 𝜃𝜃𝑖𝑖. A 

predicted value for post-tax income was produced for each person-year observation, which was 

then used in Equation (2), the second stage of the IV analysis. Here, 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑡𝑡ℎ𝑖𝑖𝑖𝑖 represents each of 

the outcomes of interest. Robust standard errors 𝜀𝜀 were again clustered at the individual level to 

account for correlated observations. The coefficient of interest was 𝛽𝛽1, representing the effect of 

income on each outcome.  In practice, this analysis is carried out with a single command in Stata, 

ivreg2. 

In the first stage of the IV analysis, every $1,000 increase in EITC refund size was associated 

with an increase in post-tax household income of $521 (95%CI: 435.92, 605.57). The F-statistic 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Epidemiol Community Health

 doi: 10.1136/jech-2020-214841–935.:929 75 2021;J Epidemiol Community Health, et al. Shields-Zeeman L



2 
 

for the first stage was above 10 for all outcomes (range: 10-135), a rule of thumb indicating that 

EITC refund size is a strong instrument for post-tax income.  

 

Use of Fixed Effect Models 

A key component of our analysis, which contributes to a stronger causal model, is the 

inclusion of individual fixed effects (i.e., indicator variables). This in essence results in a within-

person rather than across-person comparison. Logistic models with fixed effects failed to 

converge due to the large number of covariates. Sacrificing the fixed effects in the models in 

order to accommodate logistic regressions would come at a substantial loss to the strength of 

causal inference, especially when prior work has shown that the statistical properties of linear 

regression for binary outcomes are less problematic with large samples like ours.[6] In other 

disciplines in which fixed effects are similarly used to strengthen causal inference—e.g., 

economics and political science—the use of linear models in this way for large samples is 

accepted. Also, it is well established that linear probability models (i.e., OLS models with binary 

outcomes) and logistic models tend to produce very similar estimates of average marginal 

effects.[7] 

There is also a more technical problem with the use of logistic models with fixed effects even 

if the models had converged.[8] It is not possible to run an “unconditional” maximum likelihood 

estimation with dummy variables, analogous to a linear model because of the “incidental 

parameters problem”[8,9] in which the number of dummies increases directly with the sample 

size, violating one of the conditions that underlie asymptotic theory of maximum likelihood 

estimation. The solution is conditional maximum likelihood;[10] however, this procedure drops 

all units (individuals) that have no variation in exposure over time, and this would automatically 

exclude a large number of observations.  
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Additional Analyses 

The EITC policy is not a linear combination of age, marital status and other variables; rather, 

it is a complex non-linear formula used by the U.S. Internal Revenue Service (IRS), so these 

variables are not perfectly collinear. Nevertheless, we have carried out an additional analysis that 

does not adjust for variables that are inputs to the EITC eligibility formula (age, number of 

children, and marital status), as has been conducted in prior work.[11,12] Results for this 

analysis were similar to our primary models (Supplemental Table 2). 
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Supplemental Table 1. Available Outcomes by Survey Year, Panel Study of Income 

Dynamics 

Outcomes Survey Years Available 

Psychological distress 2001, 2003, 2007-2015 (biennial) 

Very good/excellent overall health 1985-1997 (annual), 1999-2015 (biennial) 

Currently drink alcohol 1999-2015 (biennial) 

3+ drinks per day 1999-2015 (biennial) 

Currently smoke 1999-2015 (biennial) 

Cigarettes per day 1999-2015 (biennial) 

 
 
 

Supplemental Table 2. Association of income and the earned income tax credit with mental 

health and health behaviors, without adjustment for EITC inputs (age, number of children, 

marital status)  

 

Outcomes  

 Model 1 Income Model 2 EITC Model 3 IV 

Psychological distress -0.024** 
(-0.031, -0.017) 

-0.077** 
(-0.12, -0.039) 

-0.097** 
(-0.15, -0.049) 

Very good/excellent health 0.00044* 
(0.000021, 0.00085) 

-0.00090 
(-0.0035, 0.0017) 

-0.0030 
(-0.0070, 0.0010) 

Currently drink alcohol 0.00092** 
(0.00044, 0.0014) 

0.0021 
(-0.00074, 0.0050) 

0.0044 
(-0.0015, 0.010) 

3+ drinks per day 0.00039 
(-0.000026, 0.00080) 

-0.0018 
(-0.0041, 0.00053) 

-0.0037 
(-0.0084, 0.0011) 

Currently smoke -0.000014 
(-0.00033, 0.00030) 

0.00060 
(-0.0014, 0.0026) 

0.0012 
(-0.0029, 0.0054) 

Cigarettes per day 0.014** 
(0.0083, 0.021) 

0.014 
(-0.021, 0.049) 

0.030 
(-0.043, 0.10) 

* p < 0.05; ** p < 0.01 
Study sample was drawn from the Panel Study of Income Dynamics for survey years 1985-2015.  
Model 1 represents the OLS model, regressing each outcome on pre-tax inflation-adjusted household income. 
Model 2 represents the reduced form of the IV analysis, regressing each outcome on EITC refund size. 
Model 3 represents the IV analysis, with EITC refund size as the instrument for post-tax inflation-adjusted income. 
All models adjusted for education, household inflation-adjusted pre-tax earned income and income-squared, year 
fixed effects, and individual fixed effects. Robust standard errors were clustered at the individual level. 
EITC: earned income tax credit; IV: instrumental variable; OLS: ordinary least squares. 
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