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Low and minimum wage work, prevalent in the United States, is a key driver of both income 

inequality and income-driven health disparities. Cities and states have increasingly moved to adopt higher 

minimum wages with the goal of closing the income gap and improving the economic well-being of their 

residents. Over the last decade, academics and policymakers alike have been interested in the influence 

of higher wage policies on health and behavior. To date the emerging evidence has been mixed and 

varies depending on the populations or outcomes under study. Few studies have evaluated the 

longitudinal relation between higher minimum wages and health or changes in behavior. Moreover, no 

prior study has explored whether this relation is modified by individual economic circumstances.  

We used the 1999 to 2017 biannual waves of the Panel Study of Income Dynamics to examine 

the association between minimum wage and health (obesity, hypertension, fair or poor self-reported 

health, and moderate psychological distress) and behavior (smoking, drinking, and physical activity) in 

working-age adults, both employed and unemployed. We used a difference-in-difference-in-differences 

model using modified Poisson regression to evaluate the association between a $1 increase in minimum 

wage (current and 2-year lagged) among adults with a high school education or less in the full sample 

and across racial/ethnic and gender strata. We also used a difference-in-differences regression restricted 

to those with a high school education or less to determine whether employment instability, as measured 

by prior-year weeks of unemployment and years of tenure the current employer, modified the influence of 

minimum wage on obesity and moderate psychological distress. These evaluations of potential effect 
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measure modification were conducted in the full sample and stratified by gender. All models were 

adjusted for a full set of individual and state-level covariates. We also used state and year fixed effects 

and cluster robust standard errors to account for within state correlations. 

No association between minimum wage increases and health or health behavior was observed in 

the overall sample of working-age adults, employed and unemployed. Subgroup models suggested a 

marginal reduction in obesity risk (RR = 0.82, 95% CI = 1.03, 1.50) and a marginal increase in daily 

cigarette consumption (RR = 1.10, 95% CI = 1.01, 1.19) in non-Hispanic White men. Higher obesity risk 

was found in non-Hispanic White women (RR = 1.35, 95% CI = 1.12, 1.64) associated with 2-year lagged 

minimum wage. Both higher current (RR = 0.73, 95% CI = 0.54, 1.00) and 2-year lagged minimum wage 

(RR = 0.75, 95% CI = 0.56, 1.00) were also marginally associated with a reduced risk of moderate 

psychological distress in non-Hispanic White women. Higher current (RR = 1.19, 95% CI 1.02, 1.40) 

minimum wage was associated with an increased risk of fair or poor self-reported health in women of 

color. Estimates were robust to restriction to workers employed hourly at baseline. We also found 

imprecise but suggestive evidence that prior-year unemployment, but not duration of employment, may 

modify the relation between minimum wage, obesity, and moderate psychological distress with the 

greatest risk in those exposed to both high minimum wages and greater unemployment.  

While no relation was observed between minimum wage and health or behaviors overall, these 

results are suggestive of potential heterogeneity across race/ethnicity and gender strata. Our findings with 

respect to modification by employment instability highlight the importance of considering the economic 

circumstances of individuals when evaluating the relation between social and income policies, such as 

the minimum wage, and health. 
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PROJECT INTRODUCTION 

 Low-wage work, prevalent in the United States (US), is a key driver of both income inequities and 

income-driven health disparities.1–3 Approximately 1.6 million workers comprising 2.1% of all hourly wage 

workers earned the federal minimum wage of $7.25 or less.4 More than 53 million workers earned low 

wages; this group included 44% of all workers between the ages of 18 to 64, with median wages of 

$10.22 and median annual earnings of $17,950.5  

One-third of low-wage workers had children and were the primary earner in their household.2,4 

The majority of these workers were women, with high school education or less, who worked part time, 

with many working multiple jobs to make ends meet.2,4 Non-white or Hispanic individuals also accounted 

for a disproportionate share of the low-wage workforce.2,4 Importantly, adults with low income 

experienced higher rates of chronic disease, lower life expectancies, and greater barriers to healthcare 

access.6 Additionally they were more likely to smoke,7–9 consume alcohol more frequently or in excess,10–

12 and engaged in less frequent physical activity (PA)13,14 

As states and localities have increasingly pushed to adopt higher minimum wages, academics 

and policymakers alike have become interested in the potential of these policies to serve as an indirect 

intervention to help close the gap on income-driven health disparities.3 A higher minimum wage that leads 

to higher earnings and has no unintended consequences on employment, hours, government assistance, 

or prices,15 would be expected to improve health outcomes.16 Greater financial resources may reduce 

financial stress and provide the means to bolster health through increased access to healthcare or other 

basic needs such as affordable healthy food and safe housing.3,17–19 Individuals may also have more time 

to devote to health-promoting activities should they choose to reduce their hours proportionally in 

response to higher wages.3,17–19 However, unintended consequences might also occur. It is also possible 

that higher minimum wages could reduce employment, hours, or eligibility for health insurance and other 

public benefits, the net result of which could lead to a decline in income and increased stress giving rise 

to poor health.3,17–20  

Many existing studies of minimum wage and health have used cross-sectional study designs as 

well as varied population restrictions and minimum wage exposure definitions limiting their generalizability 

and our ability to draw causal conclusions.3 Few studies have longitudinally evaluated the association 
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between higher minimum wages and health outcomes or changes in health behavior.3 Moreover, there 

has been limited evaluation of how these associations vary across race/ethnicity and gender 

strata.3,17,20,21 This potential heterogeneity is important as women and persons of color are more likely to 

work in low-wage jobs and are at greater risk of developing chronic disease.22 These vulnerable 

populations also face greater health and safety risks at work.23,24 The minimum wage-health relation may 

also predominately benefit those workers who are employed and more experienced but leave behind 

those who are unemployed or those with less experience.3,17 Furthermore, little is understood regarding 

the role that individual economic circumstances may play in modifying the minimum wage-health relation. 

Using the rich socioeconomic and health data from the 1999 to 2017 Panel Study of Income 

Dynamics, the present project will examine the longitudinal relation between higher minimum wages, fair 

or poor health, hypertension, and moderate psychological distress and incident obesity (Chapter 1). This 

project also aims to investigate how minimum wages increases are related to changes in daily cigarette 

and alcohol consumption, among consumers of those products, as well as engagement in physical 

activity (Chapter 2). These studies of minimum wage, health, and health behavior were conducted among 

a population of employed and unemployed adults as well as a population of hourly wage workers. We 

evaluated the potential for heterogeneity by the interaction of race/ethnicity and gender strata. We 

additionally explored the potential role employment instability, as measured by the number of weeks 

spent unemployed in the prior year and current employer tenure, might play in modifying the relation 

between obesity as well as moderate psychological distress (Chapter 3).  
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Chapter 1: The association between state minimum wages and health among working-age adults, 

Panel Study of Income Dynamics 1999 to 2017 
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Abstract 
 
Background. States have increasingly raised minimum wages to improve the economic wellbeing of their 

residents. Emerging work evaluating the minimum wage-health relation have been mixed, varying based 

on the subpopulation or health outcomes under study. 

Methods. We employed a triple difference model using modified Poisson regression to evaluate the 

association between minimum wage and obesity, hypertension, fair or poor self-reported health, and 

moderate psychological distress in adults age 25 to 64 years. Data from the 1999-2017 Panel Study of 

Income Dynamics was linked to state policies and characteristics to estimate the risk ratio associated with 

a $1 increase in current and 2-year lagged minimum wage among less-educated adults overall and 

across racial/ethnic and gender strata.  

Results. No association between minimum wage and obesity, hypertension, fair or poor self-reported 

health, and moderate psychological distress was observed in the overall sample of employed and 

unemployed working-age adults. Subgroup models suggested a modest reduction in obesity risk in non-

Hispanic White men (RR = 0.82, 95% CI = 1.03, 1.50) associated with current minimum wage increases 

and an increased obesity risk in non-Hispanic White women (RR = 1.35, 95% CI = 1.12, 1.64) associated 

with 2-year lagged minimum wage. Higher current (RR = 1.19, 95% CI 1.02, 1.40) minimum wage was 

associated with an increased risk of fair or poor self-reported health in women of color. Higher current 

(RR = 0.73, 95% CI = 0.54, 1.00) and 2-year lagged minimum wage (RR = 0.75, 95% CI = 0.56, 1.00) 

were also marginally associated with a reduction in risk of moderate psychological distress in non-

Hispanic White women. Estimates were similar when analyses were restricted to workers employed 

hourly at baseline. 

Conclusion. While no relation was observed overall, these results are suggestive of heterogeneous 

associations between minimum wage and risk of obesity and moderate psychological distress across 

racial/ethnic and gender strata which warrants further study.
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INTRODUCTION 

Income and wages have long been identified as powerful social determinants of health and 

wellbeing in the United States (US).1–3 Higher socioeconomic status, of which income and wages are key 

components, has been linked to improved access to healthy foods, healthier lifestyles, and better access 

to healthcare.2,3 Deprived of these resources, many individuals with low incomes struggle to maintain 

optimum health.2,3 In addition, Workers earning low wages are at higher risk of chronic disease, risky 

health behaviors, and premature death.2,3 In an effort to ameliorate stagnant wage growth at the federal 

level and improve the economic wellbeing low wage workers and their families, states, counties, and 

municipalities have progressively moved to adopt higher minimum wages.25 As a result, interest in 

minimum wage laws as a tool to reduce income-driven health disparities has also grown over the last 

decade.3   

In the US, minimum wage laws have been in place since 1938, yet the evidence evaluating their 

potential influence on income-driven health disparities is only now rapidly emerging.3 The directionality of 

the relation between higher minimum wages and health is theoretically equivocal and hinges upon 

assumptions about the policy’s influence on labor markets as well as on psychosocial and behavioral 

responses at the individual level.3,26,27 A higher minimum wage that leads to higher earnings with no 

unintended consequences on employment, hours, government assistance, or prices,15 would be expected 

to improve health outcomes.16 Greater financial resources may reduce financial stress and provide the 

means to bolster health through increased access to healthcare or other basic needs such as affordable 

food and safe housing.3,17–19 Individuals may also have more time to devote to health-promoting activities 

should they choose to reduce their hours proportionally in response to higher wages.3,17–19 Yet, is also 

possible that higher minimum wages could reduce employment, hours, or eligibility for health insurance 

and other public benefits, the net result of which could lead to a decline in resources and increased stress 

giving rise to poor health.3,17–20  

The emerging literature on the relation between minimum wages and broad measures of health 

and mortality suggests some benefit in adults.3,18,21,28–30 Higher minimum wages have largely been 

associated with better self-reported health; however, these estimates have tended to be modest ranging 

from 0.02 to 1.04 percentage point reductions in the reporting of fair or poor health.3 One exception found 
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that higher minimum wages were associated with a 5 to 6% increase in the likelihood of reporting fair or 

poor health among employed men age 18 to 54 years.17 Studies evaluating the relation between higher 

minimum wages and cause-specific mortality and have found a reduction in the rates of deaths due to 

cardiovascular disease, diabetes, and suicide ranging from 1.9 to 5.9%.3,18,28,31 

Studies of the minimum wage and specific health conditions were more mixed. The reported 

association between minimum wage and obesity, or continuous body mass index (BMI) ranged from 

modestly negative to modestly positive.3,20,21,32 With respect to mental health, studies from the US and 

United Kingdom have found suggestive evidence that higher minimum wages reduced self-reported bad 

mental health days by approximately 0.06 to 0.17 days and reduced scores on the General Health 

Questionnaire, a validated measure of mental well-being.17,21,33 Other studies have found no evidence to 

support a reduction in bad mental health days 34 or any association with serious psychological distress, as 

measured by the Kessler 6-item scale (K-6).20 Of the two studies to evaluate hypertension, one found that 

higher minimum wages led to a small increase in the odds of hypertension in women (OR = 1.12) but 

reduced the odds in men (OR = 0.88).20 The other found no evidence to support an association.33 

Many of the existing studies of minimum wage and health have used cross-sectional study 

designs, limiting our ability to draw causal conclusions as well as generalizability.3 Few studies have 

longitudinally evaluated the association between higher minimum wages and obesity, hypertension, and 

fair or poor health.3 The varied sample exclusion/inclusion criteria based on age, gender, education, or 

income may have contributed to the mixed findings in specific health outcomes. Studies which have 

directly evaluated these demographic subgroup associations have found the minimum wage-health 

relation to vary based on gender, age, race/ethnicity, and marital status.3,20,21 This heterogeneity with 

respect to health consequences of minimum wage is perhaps unsurprising given that certain 

subpopulations have historically larger wage gaps or greater exposure to low- or minimum-wage work.2,4 

Women and persons of color are more likely to work in low-wage jobs and both are at greater risk of 

developing certain chronic diseases, such as obesity or poor mental health.22 These same groups also 

face greater health and safety risks at work.23,24 However, these heterogenous associations have been 

understudied to date, with few, evaluating the joint race/ethnicity-gender association.35  Moreover there is 

evidence to suggest that the minimum wage-health relation may be beneficial for employed and more 
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experienced workers but have deleterious consequences for those who are unemployed, but seeking 

work, or those with less experienced.3,17  

The present study seeks to build upon and address important limitations of prior work on minimum 

wage and health in adults through the application of social epidemiologic and econometric approaches. 

We used a difference-in-difference-differences (DDD) empirical strategy leveraging nearly two decades of 

state variation in minimum wage policies to examine longitudinal associations with health using the Panel 

Study of Income Dynamics (PSID) in a sample of employed and unemployed working age adults. 

Moreover, we estimated risk of obesity, hypertension, fair or poor self-reported health, and moderate 

psychological distress. We selected these outcomes as each have shown strong income and 

socioeconomic gradients in past research.3,36–43 In addition, each of these outcomes have been linked to 

psychosocial factors (e.g. stress, anxiety, depression)44–46 and health behaviors (e.g. physical activity, 

diet),47–50 which have, in turn, been linked to changes in income and other socioeconomic factors.7–14,43 

These outcomes were evaluated overall and by race/ethnicity-gender strata.  

 

METHODS 

Study population and design 

This study used a retrospective cohort design with data from the biannual 1999 to 2017 PSID 

survey waves.51 The PSID was established in 1968 with the goal of understanding the causes and 

consequences of poverty in the United States. Today, the PSID remains the world’s longest, continually 

running household panel following more than 9,000 families and 24,000 individuals. In 1999, the PSID 

added several health questions related to overall wellness, chronic disease, and health behaviors.51 This 

individual-level PSID data set was merged to a state-level data set containing information on state 

minimum wages as well as other policies and characteristics thought to potentially confound the relation 

between minimum wage increases and health. These state characteristics and policy data were obtained 

from several sources.52–58 

The study population was restricted to 25 to 64-year-old adult heads of household and their 

spouse/partners who were observed at least twice during the 1999 to 2017 period. The PSID defines 

“heads” of household as the male husband in a heterosexual married couple or the single adult of either 
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sex (male or female).51 This definition conformed to the 1968 Census definition of a household head, the 

year in which the PSID was first implemented.51 In 2017, the PSID replaced the term “head” with 

“reference person” to reflect the diversification of families over time.51 The PSID historically defined the 

spouse/partner as a wife/”wife” where wife was used to describe the female in a married couple and “wife” 

was used to describe a cohabiting female.51 These terms were changed to spouse and partner, 

respectively, to expand these definitions to encompass both heterosexual and sex same couples.51 We 

limited of analysis to heads of household and spouse/partners as, even though the PSID collects 

information on other family members, the greatest detail with respect to economics and health is limited to 

these heads and spouse/partners.51  

Sample adult heads and spouse/partners needed to be employed, or unemployed and actively 

seeking work, for at least half of the time they were observed and to have complete covariate information. 

Those who were not in the labor force for more than 50% of their observed person-years were excluded. 

Individuals were required to be outcome-free at baseline and were followed longitudinally until an 

outcome occurred or outcome information was missing and were censored thereafter.  

Measures 

State minimum wage policies 

State minimum wage information from 1999 to 2017 was acquired from the University of 

Kentucky Center for Poverty Research’s (UKCPR) National Welfare Data.55 UKCPR sources these data 

from the Bureau of Labor Statistics’ Wage and Hours Division.52 For each state and Washington, DC, the 

highest effective, inflation-adjusted state minimum wage was applied using 2017 as a base year. Inflation-

adjusted minimum wage is the most commonly used exposure definition in the minimum wage and health 

literature and allows one to account changes in the cost of living over time.3  

State minimum wage policies were assumed to take place at the beginning of each calendar year 

in which the wage rate change occurred and to be in place for the full year. For years in which a state did 

not have a minimum wage law or had a wage rate that fell below the federal rate, the federal wage was 

the effective rate. We examined minimum wage rates occurring in the same year as the outcome 

occurred (current) as well rates two years prior (2-year lagged). The 2-year lagged minimum wage served 

two purposes: 1) it ensured the rate was in place for at least 13 months before the outcome measurement 
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since wage rate changes could occur at any time during the year, and 2) it allowed for the examination of 

delayed effects for health outcomes with longer onset periods.  

Health outcomes 

Data on all health outcomes were self-reported by the head of household. Persons with obesity 

were defined as those with a BMI ≥30.0 kg/m2 based on Centers for Disease Control and Prevention 

guidelines using baseline self-reported height and ongoing self-reported weight data. For respondents 

missing self-reported height at baseline, the next available height was used. Hypertension was 

dichotomized as an affirmative response to a physician or healthcare provider diagnosis or not. General 

health status was dichotomized as “fair” or “poor” versus “good”, “very good”, or “excellent” self-rated 

health. Moderate psychological distress was measured via the K-6, which asks respondents whether and 

how often they experienced feelings of nervousness, hopelessness, restlessness, depression, struggle, 

and worthlessness in the past 30 days.59 Responses ranged from 0 (none of the time) to 4 (all of the 

time), based on how frequently the participant reported experiencing the feeling or emotion59 and were 

summed and dichotomized using a cut point of ≥5, which has been shown to be predictive of moderate 

non-specific psychological distress.59,60 Data on psychological distress was only available for 2001, 2003, 

and 2007 to 2017. We therefore restricted our analysis of moderate psychological distress to the years in 

which psychological distress was continually measured, 2007 to 2017, to maintain evenly spaced 2-year 

intervals of observation for all outcomes. 

Covariates 

All models were adjusted for a large set of individual and state-level covariates selected based on 

past research on minimum wage and health.3 Individual-level covariates included age (continuous years),  

gender (women, men), and race/ethnicity (persons of color versus non-Hispanic Whites, due to sample 

size constraints). State-level covariates included an indicator of whether the state has a refundable 

Earned Income Tax Credit program; state sales tax rate (continuous percentage); state Temporary 

Assistance for Needy Families benefit for a family of four (continuous United States Dollars (USD)), state 

gross product (thousands of USD) and the percentage of state residents who are union members.53,55,58 

We also included policy index variables for Medicaid and the Supplemental Nutrition Assistance 

Program (SNAP), which comprised multiple aspects of each program that varied across states and time. 
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Both indices ranged from 0, indicating no policies to 3 indicating SNAP or Medicaid policies with greater 

generosity. Both measures were parameterized as ordinal, categorical covariates in all models. The 

Medicaid index included 1) whether state Medicaid eligibility limits for children were above median for 

states in a given year, 2) whether state Medicaid eligibility limits for parents were above median for states 

in a given year, 3) whether the state had a Medicaid program for non-citizens, and 4) whether the state 

expanded Medicaid under the Affordable Care Act. The SNAP index included 1) whether non-citizens in 

the state were fully eligible for SNAP benefits, 2) whether the state allows SNAP online applications, 3) 

whether state had no SNAP ban for drug felons, and 4) whether the state uses broad-based categorical 

eligibility to increase or eliminate the asset test and/or to increase the gross income limit for SNAP 

users.57 

Statistical analysis  

We estimated descriptive statistics with and without PSID survey design weights. These survey 

weights account for the complex survey design of the PSID as well as loss to follow-up and allows survey 

estimates to be nationally representative. However, only respondents who belong to families that were 

included in the original 1968 sample are provided longitudinal weights. Therefore, the weighted estimates 

are nationally representative of the 1968 US population. Since that survey weights were not available for 

all survey respondents and out of concern over potential bias introduced given that weighted respondents 

were more likely to be non-Hispanic White, we did not use survey weights to generate model estimates.  

A DDD framework was used to estimate the association of an increase in minimum wage with 

health.61,62 The DDD uses comparisons across states and years, but also between likely affected and 

likely unaffected groups, here defined by educational attainment.63 The third comparison helps to address 

unobserved confounders that might vary over time differentially by state. For example, if states with 

increasing minimum wages also invested in infrastructure to promote biking in the period of the study, the 

models “control” for that factor by comparing two groups within the state both of whom benefitted from the 

infrastructure but only one of which benefitted from the minimum wage.61 In this study, we defined the 

“likely affected” group as working-age adults with a high school education or less with the “likely 

unaffected” comparison group comprised of those with some college education or more.62 The DDD 

modified model was defined as: 
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(1) log(Yitsj) = β1MWts + β2Aij + δ1AijMWts + β3Vts + β4Sts + "!	 +	γs + uts + eitsj,  

where i, t, s, and j index individuals, years, states, treatment group respectively. The health outcomes of 

interest are defined as log(Yitsj). β1 is the effect of the state minimum wage level for the likely unaffected 

group. MWts is the inflation-adjusted minimum wage (absolute or relative to state median wage) in a given 

state and year. β2 is the estimated association between an individual having a high school diploma or less 

and their outcomes, when the minimum wage is set at the federal level. Aij equals 1 if the person has a 

high school diploma or less.62 The coefficient of interest, δ1, captures the relation between minimum wage 

levels and the outcomes for the likely affected group and is the primary estimate of interest. The vectors 

Vits and St capture sets of state-level control variables. State (γs), and year ("!) fixed effects will also be 

included. eitscj is the random error term.  

Using the potential outcomes framework for causal estimation,63 the DDD approach estimates the 

average intent-to-treat effect of the minimum wage. This is because not all individuals in the likely 

affected group are, in actuality, exposed to a minimum wage increase in their state in a given year.63,64 

Our DDD model specification was run for the overall sample and stratified by combined race/ethnicity-

gender subgroups (non-Hispanic White men, non-Hispanic White women, men of color, and women of 

color) similar to Averett (2017).35 As a secondary analysis, we further restricted our sample to employed, 

hourly wage workers, following Du and Leigh (2018)62 to determine if association varied in this population. 

All regressions used a generalized linear model with Poisson distribution and log link, often referred to as 

a modified Poisson regression as well as robust standard errors clustered at the state level.65 The 

modified Poisson model allowed us to directly estimate the risk ratio (RR). These estimates are more 

rigorous than those provided by a standard logistic regression model given that odds ratios are poor 

measures of the risk for common outcomes, such as obesity. All statistical analyses were performed 

using Stata Version 1466 using a significance level 0.05.  

A key assumption of DD models is that unmeasured confounders across “treated” and “untreated” 

groups, in this case states that increase their minimum wage and those that do not, are either time-

invariant state-specific characteristics or time-varying characteristics that do not vary across states.67 If 

these assumptions hold true, a time series plot of the outcome in both treated and untreated states 

should resemble parallel lines, that is, moving together in a fixed amount in every period.67 This applies 
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for both the pre- and post-invention periods, but for the intervention in the treated states.67 We provide 

graphical support for this assumption in Supplementary Figure 1 by showing the trends by whether or not 

the state’s minimum wage was at or above the federal wage rate and by baseline educational attainment 

of our sample.67 

We tested the sensitivity of our main findings to alternative pseudo treatment and control groups 

specifications.3 First, to compare to prior studies, we compared our DDD approach to a difference-in-

difference (DD) model using the entire sample population and a DD model restricted to the likely affected. 

Second, we reevaluated our education cut point by comparing those with some college education or less 

to college graduates or higher. Third, we redefined our treatment and control groups by comparing 

calculated, regular hourly wage rates, for those respondents who were employed and paid hourly, to the 

state minimum wage rate, both adjusted for inflation. We used a cut points of wages ≤150%, “likely 

affected” or >150%, “likely unaffected”, of the state minimum wage rate.  

In addition, we tested our findings against alternative minimum wage specifications. First, we 

used a nominal (not adjusted for inflation) state minimum wage. Second, we used a relative state 

minimum wage measure. The relative state minimum wage was calculated by dividing the inflation-

adjusted state minimum wage by the median, inflation-adjusted wage for all workers age 25 to 64 years in 

a given state and year. This normalization serves two functions. First, relative state minimum wages 

better capture the value of the minimum wage to workers. If the minimum wage is high relative to the 

state median wages, we might expect the state minimum wage to have less of an influence on worker 

health.3,68 If the minimum wage is low relative to the state minimum wage that we would expect minimum 

wage increases to have a greater influence of worker health. Second, relative minimum wages have been 

theorized to capture the potential psychosocial influences of higher minimum wage laws as individuals 

may judge their own societal value, in the context of the value of their labor, relative to that of their 

peers.3,39 

All sensitivity analyses were run for current and 2-year lagged minimum wage for the overall 

sample. DD models for the full sample, DD restricted models, and non-proxy models were conducted in 

the overall sample of employed and unemployed adults and by race/ethnicity and gender strata. In 

addition, out of concern regarding the differential earnings potential associated with educational 
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attainment across race and gender groups, we also ran the model specification using the some college 

education or less treatment group by race and gender.24 We also disaggregated persons of color into 

non-Hispanic Black and Hispanic and other and re-ran our primary models to acknowledge the potential 

for heterogeneous associations within persons of color. We ran our primary, overall models adjusting for 

state unemployment. We elected not to adjust for state unemployment in main models as we believed 

that state unemployment operates as a time-varying confounder, being both on the causal pathway 

between minimum wage and health as well as influencing the probability of future minimum wage 

increases. However, this covariate is frequently adjusted for in the literature and we therefore include this 

adjustment for comparison purposes. We also conducted an analysis restricting to non-movers following 

Du and Leigh (2018) to more rigorously control for state fixed effects. Finally, out of concern for potential 

misreporting of outcome measures, we restricted our analyses to non-proxy respondents, that is, 

examined health outcomes among adults reporting their own health outcomes. In most cases this was the 

head of household. 

 

RESULTS 
 
 From 1999 to 2017 there were 362 state minimum wage increases. Of those, 63% were did not 

occur during the same period the federal minimum wage increased, from 2007 to 2009. The number of 

states with minimum wage rates above the federal rate more than doubled over the period, from 12 in 

1999 to 30 in 2017 (Appendix Figure 1). Appendix Table 1 summarizes changes to changes in state 

policies and characteristics, included as model covariates, over the study period. 

Table 1 shows both unweighted and weighted socio-demographic characteristics and prevalent 

outcomes of sample PSID respondents at their first observation overall and by education for the study 

period. The mean age of the sample was 34.7 years with an average of 13.5 years of education. Half of 

the sample were women and 44.1% were persons of color. Employed adults comprised 86.3% of the 

sample with 7.5% looking for work. Among the employed, 60.0% were paid hourly at an average hourly 

wage rate of $14.11 per hour. Roughly 1 in 4 (23.3%) respondents had an obese BMI at baseline. 

Approximately 12.2% had a self-reported physician diagnosis of hypertension. About 7.4% of 

respondents rated their health as fair or poor while 26.8% of respondents had K-6 scores which classified 
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them as having moderate psychological distress. Individuals with a high school diploma or less were 

comprised of fewer women (47.3%) and employed adults (82.0%) but had a greater share of persons of 

color (53.2%) and hourly wage earners (78.1%). Less educated adults also had a lower hourly wage rate 

($12.64) compared to those with more education ($15.91) as well as a greater burden of disease across 

all outcomes. Weighted estimates were comparable to unweighted estimates with the exception of the 

percentage of the sample comprised of persons of color. This is due to the fact that only families who 

were included in the original 1968 sample wave received longitudinal weights and therefore these 

weighted estimates are nationally representative of the 1968 US population. Additionally, 

sociodemographic and prevalent health information for the 2007 to 2017 period in which we evaluated 

moderate psychological distress can be found in Supplementary Table 1. 

 Table 2 provides DDD estimates for the employed and unemployed respondents for current and 

2-year lagged minimum wage, overall and by race/ethnicity and gender strata. Overall, there was no 

association between higher minimum wages and incident disease with either current or 2-year lagged 

minimum wage. In race/ethnicity-gender stratified models, a $1 increase in current minimum wage was 

associated with an 18% (RR = 0.82, 95% CI = 0.67, 0.99) reduction in risk of obesity among less 

educated non-Hispanic White men with a high school education or less compared to those with some 

college education or more, accounting for individual-level and state-level covariates. In less educated, 

non-Hispanic White women, a $1 increase in 2-year lagged minimum wage was associated with a 35% 

(RR = 1.35, 95% CI = 1.12, 1.64) higher risk of obesity compared to their higher-educated counterparts. 

Less educated, non-Hispanic White women also had a reduced risk of moderate psychological distress 

associated with both current (RR = 0.73, 95% CI = 0.54, 1.00) and 2-year lagged (RR = 0.75, 95% CI = 

0.56, 1.00 minimum wage increases, compared to those with some college education or more, which 

were similar in magnitude. There were no associations between minimum wage increases and health in 

men of color. Women of color with a high school education or less had a marginal 19% (RR = 1.19, 95% 

CI 1.02, 1.40) increase in the risk of fair or poor health associated with current minimum wage increases 

compared to their higher educated women of color. Disaggregating the women of color category 

suggested this association was largely driven by Hispanics or other racial/ethnic groups (data not shown 

due to small sample sizes). 
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 Table 3 is similar to Table 2 but restricts DDD models to those respondents who were employed 

and paid hourly at baseline. In general, estimates were similar to models conducted in the overall sample 

of employed and unemployed respondents. We observed no association between minimum wage and 

health in both the overall sample of employed, hourly workers. Estimates for both non-Hispanic White 

men and women with a high school education or less, compared to those with some college education or 

more, were similar but less precise. In less-educated women of color, both current and 2-year lagged 

minimum wage were associated with a 24 to 25% increase in the risk of fair or poor self-reported health, 

when compared to those with some college education or more. 

Sensitivity analyses 

Our main null findings, using the DDD framework, largely agreed with DD models for the full 

sample (Supplementary Table 2) and DD models restricted to the likely affected, those with a high school 

education or less (Supplementary Table 3); however, there was one notable difference. In DD models 

restricted to those with high school education or less, there was a marginal increase in the risk of obesity 

(RR = 1.19, 95% 1.01, 1.39) using 2-year lagged minimum wage. However, this modest increase in risk of 

obesity in the overall sample associated with 2-year lagged minimum wage was not dissimilar to the 

elevated risk of obesity observed in employed, less educated, hourly wage workers, which encompassed 

the null (RR = 1.17, 95% CI = 0.99, 1.37) (Table 3).  

With respect to DD analyses by race/ethnicity and gender strata (Supplementary Table 2 and 3), 

our analyses are most similar to DD model restricted to the likely affected group with a few notable 

exceptions (Supplementary Table 3). The association between 2-lagged minimum wages and obesity for 

non-Hispanic White men attenuates and lacks precision (RR = 1.18, 95% CI = 0.85, 1.64). The 

association between current minimum wage and obesity for non-Hispanic White women reverses 

direction and suggests a marginally protective association (RR = 0.72, 95% CI = 0.53, 0.98). Both 

estimated associations between current (RR = 0.99, 95% CI = 0.58, 1.58) and 2-year lagged minimum 

wages (RR =0.80, 95 CI = 0.51, 1.24) are attenuated and imprecise. 

Additional sensitivity analyses evaluating varying treatment and control group definitions differed 

little from our primary findings. Varying the education cut point from a high school education or less to 

some college education or less produced similar estimates compared to our main findings with the 
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exception of some loss or gain of precision (Supplementary Table 4). However, notable was that current 

minimum (RR = 1.20, 95% CI = 1.02, 1.41) and 2-year lagged minimum wage (RR = 1.24, 95% CI = 1.00, 

1.55) were associated with a marginal increase in the risk of fair or poor health in less-educated, non-

Hispanic White women compared to their higher educated counterparts. In addition, the association 

between current and 2-year lagged minimum wage and moderate psychological distress in less-

educated, non-Hispanic White women was attenuated. Changing our likely affected group definition to 

those earning hourly wages ≤150% of the state minimum wage at baseline, using those earning hourly 

wages >150% of the state minimum wage as the control, also did not change our overall conclusions 

(Supplementary Table 5). 

Our main model estimates were largely unaffected by the use of alternate minimum wage 

specifications – relative and nominal minimum wages (Supplementary Table 6 and 7). The only 

noteworthy difference was the increased risk of hypertension associated with a 10% increase in both 

current (RR = 1.28, 95% CI = 1.09, 1.46) and 2-year lagged (RR = 1.18, 95% = 1.03, 1.36) relative 

minimum wages. However, these estimates are in the same direction as estimates observed in the overall 

sample of employed and unemployed respondents as well as our model with the using those some 

college or less as the likely affected group, albeit with greater magnitude and precision. 

Adjusting for state unemployment and restricting to non-movers or non-proxy respondents also 

had little influence of on our overall conclusions (Supplementary Table 8-10). One exception is that 

current minimum wage increases were associated with a 27% (RR = 1.27, 95% CI = 1.05, 1.54) higher 

risk of moderate psychological distress in those with a high school education or less compared to some 

college education or more (Supplementary Table 9). However, it should be noted movers and non-

movers differed substantively on several sociodemographic characteristics (Appendix Table 2). Non-

movers more likely to be persons of color, less educated, part of the labor force (employed or 

unemployed) and paid hourly than movers at baseline. Noteworthy is the similarity in hourly wage rates 

between movers and non-movers, which may partially explain the similarity to our main findings. Finally, 

restriction of analyses of obesity, hypertension, and fair or poor health to non-proxy respondents 

produced results similar to our primary findings; however, estimated associations for obesity in non-

Hispanic White men and women were stronger (Supplementary Table 10). 



 

 25 

DISCUSSION 

 This study, which used a longitudinal panel and nearly two decades of variation in state minimum 

wages, found no evidence that differences in minimum wage increases (current or 2-year lagged) had 

any influence on health. There were no changes in risk of obesity, hypertension, fair or poor self-rated 

health, or moderate psychological distress. This null finding observed with the whole sample also held for 

hourly wage workers. Sensitivity analyses varying the likely affected group definition and minimum wage 

exposure definition concurred with our primary findings. This study did, however, find suggestive 

evidence of heterogeneity across race/ethnicity and with a beneficial association observed between 

minimum wage and obesity for non-Hispanic White men and moderate psychological distress for White 

women. We los observed a harmful association between higher minimum wages and obesity for White 

women. To our knowledge these findings represent one of the first longitudinal evaluations of obesity and 

hypertension, which improves our ability to draw causal inference. 

We believe these findings highlight the need for further investigations into the longitudinal rather 

than cross-sectional associations between minimum wage and health. These results also add to a 

growing body of recent evidence that has observed mixed or differential associations between minimum 

wage and health, particularly across race, gender, education, and employment strata, which suggests 

that these findings are not due to bias alone.3,17,20,21,35 Our findings taken together with prior work highlight 

the need to examine differential associations between minimum wage and health in populations that may 

disproportionately make at or near minimum wage and have a higher burden of chronic disease. 

Our findings with respect to race/ethnicity and gender differences between minimum wage and 

health show some similarities and differences with prior work evaluating race-gender heterogeneity. 

Contrary to prior cross-sectional work using the National Health Interview Survey, we observed an 

elevated risk of obesity in non-Hispanic White women as well as a marginal reduction in risk of obesity 

among non-Hispanic White men.20 It should be noted however, that, similar to prior work, we did observe 

elevated risk of obesity in persons of color, but we had insufficient evidence to reject the null hypothesis.20 

Andreyeva et al. (2018) also observed a positive association between minimum wage and obesity in 

Whites.21 Our findings suggest that this positive association may be driven primarily by non-Hispanic 

White women.  
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Fewer studies have evaluated race/ethnicity and gender differences between higher minimum 

wages and mental health in US adults.3 Similar to Dow (2019), which found the largest reductions in 

deaths of despair among women and non-Hispanic Whites,31 we found that higher minimum wages were 

associated with a lower risk of moderate psychological distress in non-Hispanic White women. Our 

conclusions are also broadly consistent with Horn (2017) and Andreyeva (2018) who both found 

reductions in the number of bad mental health days in women. However, our findings suggest these 

potential benefits may disproportionally accrue in less-educated, non-Hispanic White women.  

 There are few, if any, comparable studies which support our finding of elevated risk of fair or poor 

health in women of color in both our main model and among employed, hourly wage workers. These 

estimates are also consistent when restricted to non-proxy respondents. However, changing the likely 

treated group cut point to some college education or less, attenuated these estimates to the null. 

Therefore, we cannot rule out the potential for bias differences in the value of education, with respect to 

labor market outcomes, has across race/ethnicity and gender subpopulations for perceived health. The 

majority of studies of minimum wage and fair or poor health have observed a protective association.3 One 

exception is Horn (2017),17 however, their findings were observed in employed men. We believe this 

association warrants further study given that women of color are more likely to work in jobs with low or 

minimum wages and have a higher burden of chronic disease.2,5,22 

The theoretical psychosocial and behavioral pathways linking minimum wage and health are 

multifaceted and, therefore, it is perhaps unsurprising to observe varied associations across outcomes 

and populations.3,39,69 First, it is possible that minimum wage rates observed between 1999 and 2017 may 

not have led to a health-relevant increase in economic resources. This may be due to higher wages 

replacing income received through federal benefit programs such as SNAP or EITC or a failure to keep 

pace with local area inflation.70 Second, some of the outcomes evaluated, such as obesity and 

hypertension, have complex etiologies and long onset periods.22,36 However, in main models, estimates 

were similar for both current and 2-year lagged models with the exception of estimates for non-Hispanic 

White women. The few recent studies that evaluated the relation between minimum wage and energy 

balance pathways, linked to weight gain, and have shown little evidence of improvement.17,21,71  Two out 

of three studies examining the association between higher minimum wages and fruit and vegetable 
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consumption using the Behavioral Risk Factor Surveillance System show that minimum wage increases 

were associated with reduced consumption.17,21 Some have suggested that higher wages could improve 

purchasing power15  ; however, this has yet to be empirically evaluated. The only study to evaluate the 

relation between higher minimum wages and time use examined engagement in PA.71 They observed 

that a $1 increase in minimum wage was associated with a 13 minute reduction in exercise time per week 

which was replaced almost entirely by non-exercise-related leisure.71 Another study found no discernable 

association between minimum wage and PA.17 

The present study had several notable strengths. First, it is one of only a handful of studies that 

have used a longitudinal design to evaluate the association between minimum wage increases and 

change in individual-level health over time.3,33,34,62,72 Second, we further leverage these longitudinal data 

by applying epidemiologic methods and evaluating incident outcomes to estimate risk. Third, similar to 

several recent studies,3,17,20,21,62,68 this analysis employs a DDD strategy, which allows for the control of 

unmeasured time-varying and state-varying confounders. Fourth, we jointly evaluate the influence of both 

race/ethnicity and gender on the minimum wage and health relation for the general sample of employed 

and unemployed respondents as well as for employed, hourly wage workers. This coupled with our DDD 

strategy allows us to jointly evaluate the influence of race/ethnicity, gender, education, and employment 

status which, to our knowledge, few other studies have done.3 We believe these intersectional 

evaluations are particularly important to minimum wage and health research as structural inequities with 

respect to wages, jobs, and educational opportunities can influence both exposure to minimum wage 

policies as well as physical and mental wellbeing.2,4,22,23,73 

This study had limitations. First, small sample sizes due to restrictions, differences in or 

availability of health questions in the PSID over time, and PSID sampling limited the precision of our 

estimates. In addition, these small sample sizes may have led to violations in the positivity requirement, 

due to random, non-structural non-positivity, of the potential outcomes framework for causal inference. 

Moreover, limited representation across diverse racial/ethnic groups  necessitated their aggregation to a 

single group of persons of color. Second, the value of education with respect to earning potential may 

vary across race/ethnicity and gender. Using educational attainment  to identify those likely to be affected 

by minimum wage may introduce bias if women and/or persons of color are more likely to earn lower 
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wages at higher education levels relative to their White and/or male counterparts.74 We sought to gauge 

the extent to which this may have influenced our results by redefining our likely affected group as those 

with some college education or less. While we observed somewhat similar results, our estimates for 

obesity for non-Hispanic White women and women of color were attenuated. Third, we cannot rule out 

bias due of misclassification of our minimum wage exposure. Minimum wage laws are highly complex – 

changing within years and often differing within states across industries among tipped versus non-tipped 

workers. Moreover, there a number of reasons a worker with a high school education or less may earn 

well over the state minimum wage such as being a trade worker or as a member of a union. We sought to 

address this issue by examining multiple treatment and control group definitions as well as minimum 

wage specifications and found little evidence that varying our treatment group definitions has an influence 

on our findings. Fourth, not often discussed in the minimum wage and health literature is the possibility of 

violating the consistency requirement of the potential outcomes framework through interference. 

Interference could occur when the passage of a minimum wage in a neighboring state influences the 

health of an individual in a state whose minimum wage is equal to the federal rate. Workers living along 

state borders may commute into and out of states for work and should the minimum wage in a given state 

lead to a loss in jobs, low-wage workers could leave that state to look for work elsewhere.75–78  Research 

into these so-called geographic “spillover effects” of minimum wage policies is still an active area of 

research in the econometrics literature.75–78 Evidence, to date, remains decidedly mixed and it does not 

appear that there is sufficient evidence to prove nor disprove the presence of interference in this minimum 

wage analyses.75–78  Fifth, as with all quasi-experiential study designs, we cannot rule of the potential for 

unmeasured confounding. 

 The pathways through which minimum wage policies could act to influence health may differ 

across subpopulations. Although no association between minimum and health outcomes was observed in 

the overall sample, this analysis revealed heterogeneous associations among subgroups by gender and 

race/ethnicity. These subgroup associations, which warrant further study, could be related to underlying 

differences in disease risk, inequities with respect to labor market outcomes, or both. Even thought there 

were few associations between higher minimum wages and health – raising the minimum wages remains 

important as a societal good. It is estimated that raising the US minimum wage to $15 an hour on the 



 

 29 

national scale could provide a pay increase to nearly half of all Americans.5 Future studies should 

examine local minimum wage initiatives as well as the psychosocial and behavioral pathways through 

which minimum wage may operate to influence health. In addition, this study highlights the need for more 

diverse cohorts with sufficient representation with evaluate the combined influence of race/ethnicity and 

gender.  
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Table 1. Sample characteristics at first observation for the full sample, overall and by education, 1999 to 2017 

Characteristics Overall 
(unweighted) 

Overall 
(weighted) 

Educational attainment 
≤High school 

diploma 
(unweighted) 

≤High school 
diploma 

(weighted) 

≥Some college  
(unweighted) 

≥Some 
college  

(weighted) 
Sample size, individuals, n 13,730 8,059 6,166 3,644 7,564 4,415 

Person-years, n 165,838  104,506  75,124  48,982  90,714  55,524 
Number of observations per individual, mean (SD) 6.8 (2.9) 7.5 (2.6) 6.9 (2.9) 7.7 (2.6) 6.8 (2.8) 7.3 (2.7) 

Demographics             
Age (years), mean (SD) 34.7 (9.4) 35.8 (7.0) 35.1 (9.3) 36.2 (7.3) 34.4 (9.4) 35.5 (6.7) 
Women, % 49.9 49.0 47.3 48.0 52.0 49.7 
Persons of color, % 44.1 27.3 53.2 35.2 36.8 21.8 
Race and gender, %             

Non-Hispanic White men 29.3 37.9 25.5 34.1 32.3 40.5 
Non-Hispanic White women 26.6 34.8 21.3 30.7 31.0 37.7 
Men of color 20.9 13.1 27.2 17.9 15.7 9.8 
Women of color 23.3 14.1 26.0 17.3 21.0 12.0 

Education and employment             
Average years of education (years), mean (SD) 13.5 (2.3) 13.7 (1.6) 11.5 (1.3) 11.4 (1.1) 15.1 (1.4) 15.3 (0.9) 
Employment status, %             

Employed 86.3 88.5 82.0 85.1 89.8 90.9 
Unemployed 7.5 6.0 11.1 8.5 4.6 4.3 
Not in labor force 6.2 5.5 7.0 6.4 5.6 4.8 

Paid hourly, %a 60.0 55.1 78.1 75.2 46.7 42.4 
Hourly wage rate (USD), mean (SD)a 14.11 (20.42) 14.83 (16.96) 12.64 (24.52) 12.85 (20.20) 15.91 (13.62) 17.07 (12.41) 
Hourly wage ≤150% of state minimum wage, (%)a 25.7 23.8 30.3 28.1 20.1 18.9 

Health outcomes             
Obesity, % 23.3 20.9 26.4 24.5 20.7 18.4 
Hypertension, % 12.2 11.4 13.6 13.2 11.0 10.3 
Fair or poor self-reported health, % 7.4 6.9 10.3 9.9 5.1 4.8 
Moderate psychological distress, % 26.8 24.3 30.5 27.0 24.0 22.5 

SD = standard deviation; USD = United States dollars 
Source: Author calculations using the Panel Study of Income Dynamics 
Note: All percentages calculated using the number of unique individuals. 11 respondents were missing employment status at baseline. 1,666 individuals were 
missing baseline height and weight data. 51 individuals were missing information of their baseline hypertension status. 43 individuals were missing information on 
their baseline self-reported health status. Sample size for moderate psychological distress is 4,363 at baseline as only responses for non-proxy respondents were 
collected by the PSID and only responses from the 2007 to 2017 wave were included in the analysis. 
aOnly calculated for those individuals who were employed, and those individuals paid hourly with tips or commission were excluded  
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Table 2. DDD risk ratio associated with a $1 increase in minimum wage on health among adults age 25 to 64 years with a high school education 
or less compared to those with some college or more, overall and by race/ethnicity and gender strata 

Health outcome Obesity Hypertension Fair or poor health Moderate psychological 
distressa 

Subgroup RR 95% CI RR 95% CI RR 95% CI RR 95% CI MW specification 
Overall                 

Current minimum wage 1.05 (0.95, 1.15) 1.08 (0.98, 1.19) 1.02 (0.95, 1.10) 0.97 (0.84, 1.12) 
2-year lagged minimum wage 1.07 (0.97, 1.17) 1.04 (0.95, 1.15) 1.06 (0.96, 1.17) 0.90 (0.77, 1.06) 
Person-years 92,956 115,220 127,334 33,194 

Non-Hispanic White men                 
Current minimum wage 0.86 (0.72, 1.01) 1.03 (0.89, 1.18) 0.92 (0.78, 1.08) 0.89 (0.64, 1.23) 
2-year lagged minimum wage 0.82* (0.67, 0.99) 0.98 (0.86, 1.13) 1.04 (0.86, 1.27) 0.79 (0.54, 1.16) 
Person-years 28,530 33,832 39,920 8,400 

Non-Hispanic White women                 
Current minimum wage 1.11 (0.93, 1.32) 1.14 (0.95, 1.37) 1.00 (0.83, 1.22) 0.73* (0.54, 1.00) 
2-year lagged minimum wage 1.35** (1.12, 1.64) 1.14 (0.90, 1.44) 0.99 (0.80, 1.23) 0.75* (0.56, 1.00) 
Person-years 28,668 34,572 36,712 9,540 

Men of color                 
Current minimum wage 1.07 (0.89, 1.29) 1.02 (0.86, 1.21) 0.95 (0.82, 1.11) 1.08 (0.70, 1.67) 
2-year lagged minimum wage 1.23 (0.91, 1.67) 1.07 (0.92, 1.24) 0.98 (0.83, 1.17) 1.10 (0.72, 1.68) 
Person-years 16,792 21,104 23,020 5,618 

Women of color                 
Current minimum wage 1.20 (0.98, 1.47) 1.21 (0.99, 1.49) 1.19* (1.02, 1.40) 1.12 (0.94, 1.34) 
2-year lagged minimum wage 1.08 (0.95, 1.22) 1.04 (0.86, 1.27) 1.19 (1.00, 1.41) 1.06 (0.88, 1.26) 
Person-years 18,966 25,712 27,682 9,636 

DDD = difference-in-difference-in-differences; RR = risk ratio; CI = confidence interval 
Source: Author calculations using the 1999 to 2017 Panel Study of Income Dynamics 
Note: Models are adjusted for age, gender, race/ethnicity, state gross product, whether the state has a refundable EITC program, state sales tax rate, a SNAP 
policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP 
ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 
2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the 
Affordable Care Act, state TANF benefit for a family of four, and the percentage of residents who are union members, as well as state and year fixed effects.  
a The Kessler 6-item module (K-6) was not asked in 2005, analyses restricted to 2007 to 2017 when the Kessler-6 item module was asked continuously  
* P < 0.05, ** P < 0.01, *** P < 0.001 
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Table 3. DDD risk ratio associated with a $1 increase in minimum wage on health among adults age 25 to 64 years employed and paid hourly at 
baseline with a high school education or less compared to those with some college or more, overall and by race/ethnicity and gender strata 

Health outcome Obesity Hypertension Fair or poor health Moderate psychological 
distressa 

Subgroup RR 95% CI RR 95% CI RR 95% CI RR 95% CI MW specification 
Overall                 

Current minimum wage 1.12 (0.98, 1.29) 1.01 (0.90, 1.14) 1.05 (0.95, 1.14) 0.96 (0.81, 1.13) 
2-year lagged minimum wage 1.17 (0.99, 1.37) 0.96 (0.86, 1.08) 1.10 (0.96, 1.26) 0.95 (0.80, 1.12) 
Person-years 52,128 66,886 72,216 19,332 

Non-Hispanic White men                 
Current minimum wage 0.93 (0.67, 1.28) 1.06 (0.89, 1.27) 0.98 (0.77, 1.25) 0.79 (0.51, 1.20) 
2-year lagged minimum wage 0.83 (0.58, 1.17) 0.99 (0.82, 1.19) 1.16 (0.85, 1.16) 0.80 (0.48, 1.32) 
Person-years 12,944 15,602 18,142 3,830 

Non-Hispanic White women                 
Current minimum wage 1.14 (0.92, 1.41) 0.96 (0.78, 1.17) 0.91 (0.70, 1.18) 0.61 (0.35, 1.04) 
2-year lagged minimum wage 1.46** (1.13, 1.89) 0.99 (0.78, 1.27) 1.03 (0.78, 1.35) 0.73 (0.46, 1.16) 
Person-years 15,124 18,836 19,822 5,212 

Men of color         
Current minimum wage 1.20 (0.98, 1.47) 0.97 (0.79, 1.18) 0.89 (0.74, 1.08) 1.20 (0.76, 1.90) 
2-year lagged minimum wage 1.41 (0.95, 2.10) 1.00 (0.82, 1.22) 0.86 (0.69, 1.09) 1.21 (0.83, 1.77) 
Person-years 11,262 14,520 15,338 3,712 

Women of color                 
Current minimum wage 1.26 (0.92, 1.73) 1.09 (0.86, 1.39) 1.24* (1.05, 1.49) 1.08 (0.85, 1.38) 
2-year lagged minimum wage 1.11 (0.93, 1.32) 0.90 (0.74, 1.09) 1.25* (1.01, 1.54) 1.07 (0.90, 129) 
Person-years 12,798 17,928 18,914 6,578 

DDD = difference-in-difference-in-differences; RR = risk ratio; CI = confidence interval 
Source: Author calculations using the 1999 to 2017 Panel Study of Income Dynamics 
Note: Models are adjusted for age, gender, race/ethnicity, state gross product, whether the state has a refundable EITC program, state sales tax rate, a SNAP 
policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP 
ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 
2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the 
Affordable Care Act, state TANF benefit for a family of four, and the percentage of residents who are union members, as well as state and year fixed effects.  
a The Kessler 6-item module (K-6) was not asked in 2005, analyses restricted to 2007 to 2017 when the Kessler-6 item module was asked continuously  
* P < 0.05, ** P < 0.01, *** P < 0.001 
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Supplementary Figure 1. Prevalence of obesity, hypertension, fair or poor self-reported health, and moderate psychological distress  

 
Source: Author calculations using the 1999 to 2017 Panel Study of Income Dynamics 
Note: Prevalence estimates are unweighted. The Kessler 6-item module (K-6) was not asked in 2005, analyses restricted to 2007 to 2017 when the Kessler-6 item 
module was asked continuously  
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Supplementary Table 1. Sample characteristics at first observation for the full sample, overall and by education, 2007 to 2017 

Characteristics Overall 
(unweighted) 

Overall 
(weighted) 

Educational attainment 
≤High school 

diploma 
(unweighted) 

≤High school 
diploma 

(weighted) 

≥Some college  
(unweighted) 

≥Some 
college  

(weighted) 
Sample size, individuals, n 11,459 7,047 4,944 3,094 6,515 3,953 

Person-years, n 103,660  66,196  45,080  29,826  58,580  36,370  
Number of observations per individual, mean (SD) 5.0 (1.3) 5.1 (1.2) 5.1 (1.3) 5.2 (1.2) 5.0 (1.3) 5.1 (1.2) 

Demographics             
Age (years), mean (SD) 37.3 (10.7) 39.3 (7.6) 38.0 (10.6) 40.0 (7.7) 36.7 (10.8) 38.8 (7.5) 
Women, % 50.7 49.5 48.4 48.4 52.5 49.7 
Persons of color, % 45.1 28.3 55.3 37.1 37.4 22.4 
Race and gender, %             

Non-Hispanic White men 28.5 36.9 24.2 32.9 31.8 40.1 
Non-Hispanic White women 26.4 34.8 20.5 30.0 30.9 37.5 
Men of color 20.8 13.5 27.4 18.7 15.7 10.3 
Women of color 24.3 14.8 27.8 18.4 21.6 12.1 

Education and employment             
Average years of education (years), mean (SD) 13.6 (2.2) 37.8 (1.6) 11.6 (1.4) 11.5 (1.1) 15.2 (1.4) 15.3 (0.9) 
Employment status, %             

Employed 87.5 88.6 83.0 86.1 90.9 91.2 
Unemployed 8.0 6.6 11.9 9.5 5.0 4.8 
Not in labor force 4.6 4.7 5.1 4.5 4.2 4.0 

Paid hourly, %a 59.6 55.6 77.8 74.7 47.2 43.6 
Hourly wage rate (USD), mean (SD)a 16.3 (18.0) 17.1 (9.2) 14.0 (9.2) 14.5 (6.2) 18.8 (24.1) 20.0 (11.2) 
Hourly wage <150% of state minimum wage, (%)a 28.2 25.9 32.9 30.5 22.8 21.1 

Health outcomes             
Obesity, % 16.8 12.0 18.7 14.3 15.5 11.0 
Hypertension, % 9.2 7.7 10.3 8.5 8.5 7.1 
Fair or poor self-reported health, % 5.6 5.0 7.7 7.8 4.1 3.1 
Moderate psychological distress, % 26.8 24.3 30.5 27.0 24.0 22.5 

SD = standard deviation; USD = United States dollars 
Source: Author calculations using the Panel Study of Income Dynamics 
Note: All percentages calculated using the number of unique individuals.  
aOnly calculated for those individuals who were employed, and those individuals paid hourly with tips or commission were excluded  
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Supplementary Table 2. DD relative risk associated with a $1 increase in minimum wage on health among adults age 25 to 64 years, overall and 
overall and by race/ethnicity and gender strata  

Health outcome Obesity Hypertension Fair or poor health Moderate psychological 
distressa 

MW specification RR 95% CI RR 95% CI RR 95% CI RR 95% CI Model specification 
Overall                 

Current minimum wage 0.99 (0.89, 1.11) 0.99 (0.91, 1.08) 1.01 (0.92, 1.11) 1.13 (0.99, 1.30) 
2-year lagged minimum wage 1.10 (0.96, 1.26) 0.95 (0.84, 1.09) 0.94 (0.86, 1.04) 1.05 (0.89, 1.23) 
Person-years 92,956 115,220 127,334 33,194 

Non-Hispanic White men                 
Current minimum wage 0.90 (0.72, 1.14) 1.03 (0.89, 1.20) 1.00 (0.80, 1.25) 1.35* (1.00, 1.83) 
2-year lagged minimum wage 1.31* (1.03, 1.65) 1.01 (0.85, 1.19) 1.10 (0.84, 1.43) 1.56* (1.09, 2.23) 
Person-years 28,530 33,832 39,920 8,400 

Non-Hispanic White women                 
Current minimum wage 1.00 (0.79, 1.29) 0.93 (0.77, 1.13) 1.05 (0.81, 1.35) 1.02 (0.79, 1.32) 
2-year lagged minimum wage 0.88 (0.68, 1.14) 0.96 (0.75, 1.22) 1.04 (0.83, 1.31) 0.82 (0.64, 1.05) 
Person-years 28,668 34,572 36,712 9,540 

Men of color                 
Current minimum wage 1.18 (0.89, 1.58) 0.96 (0.78, 1.18) 1.10 (0.86, 1.40) 1.23 (0.90, 1.69) 
2-year lagged minimum wage 1.19 (0.86, 1.63) 0.95 (0.68, 1.31) 0.75** (0.61, 0.93) 1.06 (0.67, 1.66) 
Person-years 16,792 21,104 23,020 5,618 

Women of color                 
Current minimum wage 0.96 (0.82, 1.14) 0.97 (0.78, 1.21) 0.93 (0.77, 1.13) 1.08 (0.82, 1.43) 
2-year lagged minimum wage 1.01 (0.83, 1.23) 0.86 (0.68, 1.09) 0.87 (0.68, 1.12) 1.09 (0.82,1.46) 
Person-years 18,966 25,712 27,682 9,636 

DD = difference-in-differences; PSID = Panel Study of Income Dynamics; RR = relative risk; CI = confidence interval 
Note: Models are adjusted for age, gender, race/ethnicity, state gross product, whether the state has a refundable EITC program, state sales tax rate, a SNAP 
policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP 
ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 
2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the 
Affordable Care Act, state TANF benefit for a family of four, and the percentage of residents who are union members, and state and fixed effects.  
a The Kessler 6-item module (K-6) was not asked in 2005, analyses restricted to 2007 to 2017 when the Kessler-6 item module was asked continuously  
* P < 0.05, ** P < 0.01, *** P < 0.001
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Supplementary Table 3. DD relative risk associated with a $1 increase in minimum wage on health among adults age 25 to 64 years with ≤high 
school education, overall and by race/ethnicity and gender strata 

Health outcome Obesity Hypertension Fair or poor health Moderate psychological 
distressa 

MW specification RR 95% CI RR 95% CI RR 95% CI RR 95% CI Model specification 
Overall                 

Current minimum wage 0.89 (0.76, 1.03) 1.05 (0.92, 1.20) 1.03 (0.91, 1.16) 1.10 (0.87 1.41) 
2-year lagged minimum wage 1.19* (1.01, 1.39) 1.00 (0.86, 1.16) 1.02 (0.87, 1.19) 1.05 (0.81, 1.37) 
Person-years 39,442 49,888 53,134 13,092 

Non-Hispanic White men                 
Current minimum wage 0.77 (0.52, 1.13) 1.24 (0.99, 1.55) 0.91 (0.68, 1.21) 0.99 (0.58, 1.69) 
2-year lagged minimum wage 1.18 (0.85, 1.64) 1.02 (0.76, 1.36) 1.15 (0.85, 1.56) 1.29 (0.66, 2.53) 
Person-years 10,460 12,416 14,454 2,616 

Non-Hispanic White women                 
Current minimum wage 0.72* (0.53, 0.98) 0.87 (0.62, 1.23) 1.04 (0.74, 1.47) 0.99 (0.58, 1.58) 
2-year lagged minimum wage 1.20 (0.86, 1.69) 1.12 (0.81, 1.55) 1.23 (0.95, 1.59) 0.80 (0.51, 1.24) 
Person-years 9,392 11,974 12,280 3,058 

Men of color                 
Current minimum wage 0.94 (0.69, 1.30) 0.95 (0.75, 1.22) 1.14 (0.90, 1.45) 1.50 (1.00, 2.25) 
2-year lagged minimum wage 1.23 (0.88, 1.71) 1.05 (0.78, 1.43) 0.89 (0.66, 1.21) 1.14 (0.59, 2.21) 
Person-years 9,902 12,408 12,748 2,850 

Women of color                 
Current minimum wage 1.09 (0.90, 1.33) 1.04 (0.79, 1.36) 1.00 (0.81, 1.23) 1.10 (0.66, 1.50) 
2-year lagged minimum wage 1.14 (0.95, 1.38) 0.86 (0.62, 1.20) 0.87 (0.66, 1.15) 1.09 (0.63, 1.86) 
Person-years 9,688 13,090 13,652 4,568 

DD = difference-in-differences; PSID = Panel Study of Income Dynamics; RR = relative risk; CI = confidence interval 
Note: Models are adjusted for age, gender, race/ethnicity, state gross product, whether the state has a refundable EITC program, state sales tax rate, a SNAP 
policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP 
ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 
2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the 
Affordable Care Act, state TANF benefit for a family of four, and the percentage of residents who are union members, and state and fixed effects.  
a The Kessler 6-item module (K-6) was not asked in 2005, analyses restricted to 2007 to 2017 when the Kessler-6 item module was asked continuously  
* P < 0.05, ** P < 0.01, *** P < 0.001 
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Supplementary Table 4. DDD risk ratio associated with a $1 increase in minimum wage on health among adults age 25 to 64 years with some 
college education or less compared to those with a college degree or more, overall and by race/ethnicity and gender strata 
Health outcome Obesity Hypertension Fair or poor health Moderate psychological 

distressa 
Subgroup RR 95% CI RR 95% CI RR 95% CI RR 95% CI MW specification 
Overall                 

Current minimum wage 1.07 (1.00, 1.15) 1.10* (1.02, 1.18) 1.09 (0.97, 1.23) 0.93 (0.85, 1.03) 
2-year lagged minimum wage 1.07 (0.98, 1.18) 1.03 (0.95, 1.12) 1.12 (0.98, 1.29) 0.90 (0.81, 1.01) 
Person-years 92,956 115,220 127,334 33,194 

Non-Hispanic White men                 
Current minimum wage 0.95 (0.77, 1.18) 0.99 (0.86, 1.15) 1.03 (0.89, 1.20) 0.88 (0.66, 1.18) 
2-year lagged minimum wage 1.01 (0.80, 1.27) 0.99 (0.87, 1.12) 1.10 (0.94, 1.32) 0.75* (0.57, 0.99) 
Person-years 28,530 33,832 39,920 8,400 

Non-Hispanic White women                 
Current minimum wage 1.09 (0.90, 1.32) 1.19* (1.01, 1.40) 1.20* (1.02, 1.41) 0.90 (0.71, 1.15) 
2-year lagged minimum wage 1.09 (0.89, 1.33) 1.03 (0.86, 1.22) 1.24* (1.00, 1.55) 1.00 (0.79, 1.27) 
Person-years 28,668 34,572 36,712 9,540 

Men of color                 
Current minimum wage 1.25 (0.99, 1.56) 1.12 (0.90, 1.39) 1.09 (0.83, 1.43) 1.16 (0.74, 1.83) 
2-year lagged minimum wage 1.18 (0.86, 1.61) 1.07 (0.85, 1.36) 1.03 (0.79, 1.33) 1.24 (0.82, 1.87) 
Person-years 16,792 21,104 23,020 5,618 

Women of color                 
Current minimum wage 1.10 (0.93, 1.29) 1.24* (1.03, 1.49) 1.11 (0.87, 1.42) 0.90 (0.69, 1.17) 
2-year lagged minimum wage 1.07 (0.84, 1.36) 1.12 (0.89, 1.42) 1.02 (0.79, 1.32) 0.88 (0.59, 1.33) 
Person-years 18,966 25,712 27,682 9,636 

DDD = difference-in-difference-in-differences; RR = risk ratio; CI = confidence interval 
Source: Author calculations using the 1999 to 2017 Panel Study of Income Dynamics 
Note: Models are adjusted for age, gender, race/ethnicity, state gross product, whether the state has a refundable EITC program, state sales tax rate, a SNAP 
policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP 
ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 
2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the 
Affordable Care Act, state TANF benefit for a family of four, and the percentage of residents who are union members, as well as state and year fixed effects.  
a The Kessler 6-item module (K-6) was not asked in 2005, analyses restricted to 2007 to 2017 when the Kessler-6 item module was asked continuously  
* P < 0.05, ** P < 0.01, *** P < 0.001
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Supplementary Table 5. DDD risk ratio associated with a $1 increase in minimum wage among employed workers earning wages ≤150% versus 
>150% of the state minimum wage at baseline, overall 
Health outcome Obesity Hypertension Fair or poor health Moderate psychological 

distressa 
Minimum wage specification RR 95% CI RR 95% CI RR 95% CI RR 95% CI  
Current minimum wage 0.95 (0.85, 1.05) 1.09 (0.96, 1.25) 0.96 (0.76, 1.21) 1.00 (0.81, 1.23) 

 

Person-years 41,104 52,738 57,862 9,452 
 

2-year lagged minimum wage 0.93 (0.76, 1.14) 1.06 (0.91, 1.23) 1.19 (0.96, 1.47) 1.23 (0.98, 1.54) 
 

Person-years 29,340 37,280 41,426 5,786 
 

DDD = difference-in-difference-in-differences; RR = risk ratio; CI = confidence interval 
Source: Author calculations using the 1999 to 2017 Panel Study of Income Dynamics 
Note: Models are adjusted for age, gender, race/ethnicity, state gross product, whether the state has a refundable EITC program, state sales tax rate, a SNAP 
policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP 
ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 
2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the 
Affordable Care Act, state TANF benefit for a family of four, and the percentage of residents who are union members, as well as state and year fixed effects.  
a The Kessler 6-item module (K-6) was not asked in 2005, analyses restricted to 2007 to 2017 when the Kessler-6 item module was asked continuously  
* P < 0.05, ** P < 0.01, *** P < 0.001 
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Supplementary Table 6. DDD risk ratio associated with a 10% increase in relative minimum wage on health among adults age 25 to 64 years 
with a high school education or less compared to those with some college or more, overall 
Health outcome Obesity Hypertension Fair or poor health Moderate psychological 

distressa 
Minimum wage specification RR 95% CI RR 95% CI RR 95% CI RR 95% CI  
Current minimum 0.98 (0.81, 1.18) 1.28** (1.10, 1.48) 1.02 (0.83, 1.25) 0.95 (0.76, 1.17) 

 

2-year lagged minimum wage 1.00 (0.82, 1.21) 1.19* (1.03, 1.37) 1.06 (0.88, 1.28) 0.87 (0.69, 1.11) 
 

Person-years 92,956 115,220 127,334 33,194 
 

DDD = difference-in-difference-in-differences; RR = risk ratio; CI = confidence interval 
Source: Author calculations using the 1999 to 2017 Panel Study of Income Dynamics 
Note: Models are adjusted for age, gender, race/ethnicity, state gross product, whether the state has a refundable EITC program, state sales tax rate, a SNAP 
policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP 
ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 
2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the 
Affordable Care Act, state TANF benefit for a family of four, and the percentage of residents who are union members, as well as state and year fixed effects.  
a The Kessler 6-item module (K-6) was not asked in 2005, analyses restricted to 2007 to 2017 when the Kessler-6 item module was asked continuously  
* P < 0.05, ** P < 0.01, *** P < 0.001 
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Supplementary Table 7. DDD risk ratio associated with a $1 increase in nominal minimum wage on health among adults age 25 to 64 years with 
a high school education or less compared to those with some college or more, overall 
Health outcome Obesity Hypertension Fair or poor health Moderate psychological 

distressa 
Minimum wage specification RR 95% CI RR 95% CI RR 95% CI RR 95% CI  
Current minimum wage 1.04 (0.98, 1.11) 1.07 (1.00, 1.14) 1.01 (0.95, 1.07) 0.92 (0.81, 1.05) 

 

2-year lagged minimum wage 1.06 (0.99, 1.13) 1.06 (0.99, 1.13) 1.02 (0.95, 1.09) 0.88 (0.77, 1.01) 
 

Person-years 92,956 115,220 127,334 33,194 
 

DDD = difference-in-difference-in-differences; RR = risk ratio; CI = confidence interval 
Source: Author calculations using the 1999 to 2017 Panel Study of Income Dynamics 
Note: Models are adjusted for age, gender, race/ethnicity, state gross product, whether the state has a refundable EITC program, state sales tax rate, a SNAP 
policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP 
ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 
2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the 
Affordable Care Act, state TANF benefit for a family of four, and the percentage of residents who are union members, as well as state and year fixed effects.  
a The Kessler 6-item module (K-6) was not asked in 2005, analyses restricted to 2007 to 2017 when the Kessler-6 item module was asked continuously  
* P < 0.05, ** P < 0.01, *** P < 0.001 
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Supplementary Table 8. DDD risk ratio associated with a $1 increase in minimum wage among those with high school education or less 
compared to those with some college or more, overall sample, adjusting for state unemployment 
Health outcome Obesity Hypertension Fair or poor health Moderate psychological 

distressa 
Minimum wage specification RR 95% CI RR 95% CI RR 95% CI RR 95% CI  
Current minimum wage 1.05 (0.96, 1.14) 1.08* (1.00, 1.17) 1.00 (0.94, 1.07) 0.95 (0.79, 1.13) 

 

2-year lagged minimum wage 1.08 (0.99, 1.19) 1.06 (0.97, 1.15) 1.02 (0.92, 1.12) 0.91 (0.79, 1.04) 
 

Person-years 92,956 115,220 127,334 33,194 
 

DDD = difference-in-difference-in-differences; RR = risk ratio; CI = confidence interval 
Source: Author calculations using the 1999 to 2017 Panel Study of Income Dynamics 
Note: Models are adjusted for age, gender, race/ethnicity, state gross product, whether the state has a refundable EITC program, state sales tax rate, a SNAP 
policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP 
ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 
2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the 
Affordable Care Act, state TANF benefit for a family of four, and the percentage of residents who are union members, state unemployment, as well as state and 
year fixed effects.  
a The Kessler 6-item module (K-6) was not asked in 2005, analyses restricted to 2007 to 2017 when the Kessler-6 item module was asked continuously  
* P < 0.05, ** P < 0.01, *** P < 0.001 
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Supplementary Table 9. DDD risk ratio associated with a $1 increase in minimum wage on health among adults age 25 to 64 years, who did not 
move during the study period, with high school education or less compared to those with some college or more, overall and by race/ethnicity and 
gender strata  
Health outcome Obesity Hypertension Fair or poor health Moderate psychological 

distressa 
Subgroup RR 95% CI RR 95% CI RR 95% CI RR 95% CI MW specification 
Overall                 

Current minimum wage 0.98 (0.89, 1.10) 1.07 (0.97, 1.18) 1.05 (0.97, 1.14) 1.02 (0.88, 1.18) 
2-year lagged minimum wage 0.98 (0.88, 1.10) 1.04 (0.94, 1.14) 1.07 (0.97, 1.19) 0.93 (0.79, 1.09) 
Person-years 71,214 88,564 98,606 24,766 

Non-Hispanic White men                 
Current minimum wage 0.82* (0.68, 0.97) 1.02 (0.87, 1.19) 1.00 (0.83, 1.21) 0.95 (0.63, 1.44) 
2-year lagged minimum wage 0.77* (0.63, 0.95) 0.98 (0.84, 1.15) 1.08 (0.87, 1.33) 0.82 (0.56, 1.21) 
Person-years 21,186 25,168 29,936 5,884 

Non-Hispanic White women                 
Current minimum wage 1.03 (0.83, 1.27) 1.12 (0.92, 1.35) 0.99 (0.76, 1.28) 0.68* (0.48, 0.96) 
2-year lagged minimum wage 1.22 (0.98, 1.52) 1.12 (0.89, 1.40) 0.98 (0.75, 1.29) 0.69* (0.51, 0.94) 
Person-years 21,776 26,388 28,404 7,008 

Men of color         
Current minimum wage 1.10 (0.87, 1.38) 1.00 (0.83, 1.20) 0.94 (0.79, 1.12) 1.19 (0.75, 1.87) 
2-year lagged minimum wage 1.20 (0.81, 1.78) 1.04 (0.89, 1.23) 1.03 (0.86, 1.23) 1.14 (0.68, 1.93) 
Person-years 13,182 16,514 17,984 4,218 

Women of color                 
Current minimum wage 1.16 (0.92, 1.47) 1.20 (0.94, 1.54) 1.22** (1.06, 1.41) 1.27* (1.05, 1.54) 
2-year lagged minimum wage 1.04 (0.90, 1.21) 1.05 (0.83, 1.33) 1.16 (0.97, 1.39) 1.14 (0.94, 1.37) 
Person-years 15,070 20,494 22,282 7,656 

DDD = difference-in-difference-in-differences; RR = risk ratio; CI = confidence interval 
Source: Author calculations using the 1999 to 2017 Panel Study of Income Dynamics 
Note: Models are adjusted for age, gender, race/ethnicity, state gross product, whether the state has a refundable EITC program, state sales tax rate, a SNAP 
policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP 
ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 
2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the 
Affordable Care Act, state TANF benefit for a family of four, and the percentage of residents who are union members, as well as state and year fixed effects.  
a The Kessler 6-item module (K-6) was not asked in 2005, analyses restricted to 2007 to 2017 when the Kessler-6 item module was asked continuously  
* P < 0.05, ** P < 0.01, *** P < 0.001 
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Supplementary Table 10. DDD relative risk associated with a $1 increase in minimum wage on health among adults age 25 to 64 years, 
restricted to non-proxy respondents, with high school education or less compared to those with some college or more, overall and by race/ethnicity 
and gender strata 
Health outcome Obesity Hypertension Fair or poor health 
Subgroup RR 95% CI RR 95% CI RR 95% CI MW specification 
Overall             

Current minimum wage 1.05 (0.91, 1.21) 1.11 (0.98, 1.27) 1.06 (0.97, 1.17) 
2-year lagged minimum wage 1.10 (0.95, 1.26) 1.09 (0.96, 1.23) 1.09 (0.98, 1.21) 
Person-years 59,314 74,170 81,344 

Non-Hispanic White men             
Current minimum wage 0.71** (0.55, 0.91) 0.93 (0.76, 1.15) 0.98 (0.74, 1.29) 
2-year lagged minimum wage 0.75* (0.56, 1.00) 0.95 (0.77, 1.18) 1.15 (0.84, 1.58) 
Person-years 15,724 18,584 21,740 

Non-Hispanic White women             
Current minimum wage 1.17 (0.98, 1.40) 1.25 (0.98, 1.59) 1.12 (0.86, 1.45) 
2-year lagged minimum wage 1.44*** (1.18, 1.74) 1.28 (0.96, 1.72) 1.03 (0.78, 1.37) 
Person-years 19,336 23,278 24,692 

Men of color             
Current minimum wage 1.05 (0.74, 1.49) 1.06 (0.80, 1.41) 0.94 (0.81, 1.10) 
2-year lagged minimum wage 1.30 (0.78, 2.15) 1.14 (0.91, 1.42) 1.00 (0.80, 1.26) 
Person-years 9,194 11,564 12,344 

Women of color             
Current minimum wage 1.23 (0.97, 1.57) 1.25 (0.98, 1.60) 1.17 (0.95, 1.43) 
2-year lagged minimum wage 1.07 (0.92, 1.24) 1.06 (0.85, 1.32) 1.16 (0.96, 1.40) 
Person-years 15,060 20,744 22,568 

DDD = difference-in-difference-in-differences; RR = risk ratio; CI = confidence interval 
Source: Author calculations using the 1999 to 2017 Panel Study of Income Dynamics 
Note: Moderate psychological distress not included as only non-proxy respondents are asked to respond to Kessler 6-item questions and the analyses of this 
outcome have been previously shown. Models are adjusted for age, gender, race/ethnicity, state gross product, whether the state has a refundable EITC program, 
state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) state allows for the application of SNAP 
online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy indicator based on 1) Medicaid eligibility 
limits for children above median, 2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for non-citizens, 4) state expanded Medicaid 
program as part of the Affordable Care Act, state TANF benefit for a family of four, and the percentage of residents who are union members, as well as state and 
year fixed effects.  
* P < 0.05, ** P < 0.01, *** P < 0.001
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Chapter 2: The association between state minimum wages and health behaviors among working-

age adults Panel Study of Income Dynamics 1999 to 2017 
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Abstract 

Background. As more states move to adopt higher minimum wages, evidence regarding the influence of 

these increases on smoking, drinking, and physical activity remains unclear and may depend on how 

these goods and individual time use are valued.  

Methods. We employed a triple difference model using modified Poisson regression to evaluate the 

association between minimum wage and daily cigarette and alcohol consumption. The association 

between minimum wage and light or moderate and heavy physical activity, measured in times per week, 

in adults age 25 to 64 years was also examined. Data from the 1999 to 2017 waves of the Panel Study of 

Income Dynamics was linked to state policies and characteristics to estimate the risk ratio associated with 

a $1 increase in current minimum wage among less-educated adults overall and across racial/ethnic and 

gender strata.  

Results. No association between minimum wage increases and smoking, drinking, and physical activity 

was observed in the overall sample of working age adults, employed and unemployed. Subgroup models 

suggested a modest increase in daily cigarette consumption in non-Hispanic White men (RR = 1.10, 95% 

CI = 1.01, 1.19). Estimates were consistent when restricted to workers employed hourly at baseline. 

Conclusion. In theory, health behaviors represent a major pathway through which higher minimum 

wages should operate to influence short and long-term health. However, we found little evidence that 

higher minimum wages influence drinking, smoking, and engagement in physical activity. We also found 

little evidence of heterogeneity across race/ethnicity-gender strata. More work is needed to elucidate what 

influence, if any, higher minimum wage laws have on health behavior over time. 
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INTRODUCTION 

 With their residents facing widening income inequality, states and localities have increasingly 

pushed to adopt higher minimum wages which, at the federal level have not kept pace with inflation, 

remaining at $7.25 since 2009.25 The primary goal of these higher minimum wage laws has been to 

improve the economic wellbeing of low wage workers and their families. However, policy makers and 

academics alike have become interested in the potential for minimum wage laws to serve as an indirect 

intervention to help close the gap on income-driven health disparities.3  

In general, United States (US) adults with low income smoke more,7–9 consume alcohol more 

frequently, or in excess,10–12 and engage in less frequent physical activity (PA)13,14 than US adults with 

higher incomes. It stands to reason that a higher minimum wage, which leads to higher earnings with no 

unintended consequences on employment, hours, or government assistance,15 would result in a higher 

net income leading to better health.2,16 Greater financial resources may reduce financial stress which 

might result in reduced reliance on alcohol and cigarettes as a coping strategy.3,17–19 Moreover, higher 

incomes would provide the means to bolster health through increased access to healthcare or other basic 

needs such as affordable food, safe housing, and more.3,17–19 Individuals could also have more time to 

devote to health-promoting activities such as exercise should they choose to reduce their hours 

proportionally in response to higher wages.3,17–19,71  

Alternatively, higher minimum wages could reduce employment, hours, or eligibility for health 

insurance and other public benefits, the net result of which could lead to a decline in financial resources 

and increased stress, which might give rise to poor health.3,17–20 Chronic economic hardship and struggles 

with financial decision-making can lead to a cognitive overload potentially leading to exacerbation of 

unhealthy behaviors, such as physical inactivity, or behaviors that relieve present stressors to the 

determinant of health, such as smoking and drinking alcohol.39,79  

Adding further complexity, consumption of goods such as cigarettes and alcohol, are also 

dependent on how these products are valued or their “elasticity of demand” as this concept is commonly 

referred to in the economics literature.39,79–81 Goods such as cigarettes and alcohol can fall into two broad 

categories: “normal” and “inferior.”39,79–81 A normal good is a product or service whose consumption rises 
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along with a rise in incomes.39,79–81 Conversely, an “inferior” good is one whose consumption falls as 

incomes rise.39,79–81   

Cigarettes generally operate as inferior goods, displaying an inverse relation between 

consumption and income.82 Higher incomes, and higher socioeconomic position more generally, has also 

been associated with a greater likelihood of successful smoking cessation.83 However, in some 

circumstances, such as when large boluses of cash are received from policies such as the Earned 

Income Tax Credit, lottery winnings, or inheritance, this additional disposable income is positively 

associated with cigarette consumption.80,81 Alcohol is generally considered a normal good, with 

individuals with higher incomes generally consuming more alcohol.84,85 Yet, the relation between income 

and alcohol consumption can become unmoored in turbulent economic conditions such as the Great 

Reccession.86 

Other health behaviors, such leisure time PA, can also exhibit differences in demand across 

income levels, although not goods in the traditional sense. Engagement in PA can be thought of as an 

“investment” in one’s health and; therefore, we should expect a positive gradient between engagement in 

PA and higher incomes.39,71 However, it is also possible that higher wages may place more value on time 

at work drawing workers away from leisure time PA and toward more time spent at work.39,71 

The current body of evidence evaluating the relations between minimum wage and drinking, 

smoking, and PA in adults remains largely inconclusive.17,19,21,33,68,71,87 There appeared to be some 

consistent evidence, in cross-sectional evaluations, that higher minimum wages were associated with a 

lower probability of being a current smoker of approximately 1.6-7.4% in less educated women .17,68,87 

However, no such relation has been observed in men17 or in combined samples of less-educated men 

and women.21 Two longitudinal studies showed that the  introduction of the National Minimum Wage in 

the United Kingdom reduced the probability of being a current smoker by 8.0%19 but had no impact on 

daily cigarette consumption in smokers.33  

The influence of minimum wage on alcohol intake depended on the drinking habit under 

study.17,21,88 One study found that higher minimum wage increases were associated with a 0.6-3.3% 

reduction in the probability of binge drinking (consuming ≥5 drinks in one session for men or ≥4 for 

women), but a 2.4-3.7% increase in the probability of heavy drinking (>1 alcoholic beverage daily for 
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women and >2 for men) in less educated adults ages 18-54 years.17 However, another study found that 

higher minimum wages increased the probability of alcohol abuse among less educated adults ages 21-

64 years.21 Both had insufficient evidence to reject the null hypothesis.17,21  

To date only two studies have evaluated the relation between minimum wage increases and 

PA.17,71 One study found that a $1 increase in minimum wage was associated with a 13 minute reduction 

in exercise time per week which was replaced almost entirely by non-exercise-related leisure.71 The other 

study found suggestive, but statistically imprecise, evidence that higher minimum wages reduced 

engagement in PA outside of work.17 

The present study used social epidemiologic and econometric approaches  to evaluate the effects 

of  minimum wage on smoking, drinking, and PA in adults. To date, all but two studies evaluating these 

health behaviors have relied on cross-sectional study designs hindering the ability to evaluate dynamic 

engagement in these behavior over time and limiting causal inference.3 Moreover, while there has been 

some work evaluating potential heterogeneity with the minimum wage-health behavior relation by gender 

and employment status, to our knowledge, no studies have jointly evaluated the joint role that 

race/ethnicity and gender may play in modifying these relations in adults. We used a triple difference-in-

differences empirical strategy leveraging nearly two decades of state variation in minimum wage to 

examine longitudinal associations with smoking, drinking, and PA using the Panel Study of Income 

Dynamics (PSID) in a sample of employed and unemployed working age adults. These outcomes were 

evaluated in the overall population and by race/ethnicity-gender interaction.  

 

METHODS 

Study population and design 

The present study utilizes a data from the 1999 to 2017 biannual waves of the PSID and 

implements a retrospective cohort study design.51 The PSID was established in 1968, recruiting a 

nationally representative sample of families to study how fluid economic circumstances in US households 

and to examine the etiology of economic hardship.51 The PSID interviews adult heads of households, who 

are predominantly male, and their spouses or domestic partners. The PSID is one of the world’s longest, 

continually running longitudinal studies and follows more than 9,000 families and 24,000 individuals. 
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Seeking to better understand how economic circumstances influence health and health behaviors, the 

PSID added several questions related to overall wellness, chronic disease, and health behaviors in 

1999.51  

The study population was restricted to 25 to 64-year-old adult heads of household and their 

spouse/partners who were observed at least twice during the 1999 to 2017 period. The PSID defines 

“heads” of household as the male husband in a heterosexual married couple or the single adult of either 

sex (male or female).51 This definition conformed to the 1968 Census definition of a household head, the 

year in which the PSID was first implemented.51 In 2017, the PSID replaced the term “head” with 

“reference person” to reflect the diversification of families over time.51 The PSID historically defined the 

spouse/partner as a wife/”wife” where wife was used to describe the female in a married couple and “wife” 

was used to describe a cohabiting female.51 These terms were changed to spouse and partner, 

respectively, to expand these definitions to encompass both heterosexual and sex same couples.51 We 

limited of analysis to heads of household and spouse/partners as, even though the PSID collects 

information on other family members, the greatest detail with respect to economics and health is limited to 

these family members.51  

 Sample adults need be observed at least twice needed to be employed, or unemployed and 

actively seeking work, for at least half of the time they were observed and have complete covariate 

information during the study period. For all smoking outcomes this study period was defined between 

1999 and 2017 and from 2005 to 2017 for alcohol consumption and PA. Our individual-level PSID data 

set was merged to a state-level data set containing information on state minimum wages as well as other 

policies and characteristics thought to potentially confound the relation between minimum wage increases 

and smoking, drinking, PA. These state characteristics and policy data were obtained from several 

sources.52–58 

Measures 

State minimum wage policies 

Data on state minimum policies from 1999 to 2017 was acquired from the University of Kentucky 

Center for Poverty Research’s (UKCPR) National Welfare Data.55 UKCPR sources these data from the 

Bureau of Labor Statistics’ Wage and Hours Division.52 For each state and Washington, DC, the highest 
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effective, inflation-adjusted state minimum wage was applied using 2017 as a base year. Federal law 

stipulates that those states which do not have a minimum wage law or have a minimum wage which falls 

below the federal rate, the federal wage is the effective rate. Inflation-adjusted minimum wages allow one 

to account changes in the purchasing power of each dollar due to changes in the cost of living and is the 

most commonly used exposure definition in the minimum wage-health literature.3  

State minimum wage policies were assumed to take place at the beginning of each calendar year 

in which the wage rate change occurred and to be in place for the full year. We examined minimum wage 

rates occurring in the same year as the outcome occurred. However, since respondents were asked to 

report on prior year alcohol consumption, we used a 1-year lagged minimum wage rate for our evaluation 

of alcohol consumption to be temporarily in sync with reported behaviors. 

Health behaviors 

All health behaviors were self-reported by the head of household, who reported both for 

themselves and their spouse/domestic partner, if one was present. We assessed daily cigarettes smoked 

among respondents who were current smokers at their baseline observation. We defined current smokers 

as those who responded yes to the question “Do you smoke cigarettes?” We also examined daily 

alcoholic beverages consumed, on days respondents drank, among those who drank alcohol in the past 

year. We defined those who drank alcohol in the past year as those who said yes to “Do you ever drink 

any alcoholic beverages such as beer, wine, or liquor?” and said that they consumed at least 1 to 11 or 

more alcoholic beverages in the past year based on a categorical assessment of alcohol consumption 

frequency. We assessed alcohol consumption only for the 2005 to 2017 survey years as alcohol 

consumption was only assessed categorically in 1999, 2001, and 2003. Cigarette counts were top coded 

to 60 cigarettes per day (3 packs) and alcohol consumption was top coded to 10 drinks, representing the 

99.9th and 99th percentiles, respectively, to limit the influence of extreme values on model estimates. We 

only examined smoking and drinking among those who smoked and drank at baseline as smoking and 

drinking behaviors are usually set by early adulthood and we did not expect many individuals to initiate 

smoking and drinking for the first time between the ages of 25 to 64 years.89,90 Moreover, we had no prior 

hypothesize that increases in the minimum wage would lead nonsmokers and nondrinkers to initiate 

these behaviors.  
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We accessed PA by evaluating the frequency of weekly light or moderate and heavy PA. To 

assess light or moderate PA, respondents were asked “How often do you do light or moderate activities 

for at least 10 minutes that cause only light sweating or slight to moderate increases in breathing or heart 

rate.” To assess heavy PA, respondents were asked “How often do you do vigorous physical activities for 

at least 10 minutes that cause heavy sweating or large increases in breathing or heart rate?”  For both 

light or moderate PA and heavy PA, respondents could provide a frequency, ranging from 0, indicating 

“never”, and 200. They were then asked to select a unit of time for this corresponding frequency: per 

week, per month, or per year. Using these responses, we calculated the frequency of weekly light or 

moderate or heavy PA. Only responses for the 2005 to 2017 survey years for light or moderate and heavy 

PA were assessed as the survey question was changed substantively in 2005 by no longer referring to 

specific activity types and adding a specific minimum time interval – 10 minutes. In addition, due to the 

presence of extreme outlier values, we top-coded both PA metrics to 28 times per week which 

corresponded to the 99th percentile for light or moderate PA and the 99.5th percentile for heavy PA. 

As a secondary analysis we also examined the association between minimum wage increases 

and smoking cessation as well as frequency of binge drinking episodes in the past year. We defined 

smoking cessation as respondents who reported that they were a current smoker at baseline and 

reported no longer smoking in a subsequent wave. Individuals were followed until they reported they were 

no longer a current smoker or had missing outcome and were censored thereafter. Based on the 

definition for binge drinking from the National Institute for Alcohol Abuse and Alcoholism,91 a binge 

drinking episode was defined as consuming 4 or more alcoholic beverages in a single day for women. For 

men, a binge drinking episode was defined as heavy consumed 5 or more beverages in a single day. 

Covariates 

All models were adjusted for a large set of individual and state-level covariates selected based on 

past research on minimum wage and health.3 Individual-level covariates included age (continuous years),  

gender (women, men), and race/ethnicity (persons of color versus non-Hispanic Whites). State-level 

covariates included an indicator of whether the state has a refundable Earned Income Tax Credit 

program; state sales tax rate (continuous percentage); state Temporary Assistance for Needy Families 
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benefit for a family of four (continuous United States Dollars (USD)), state gross product (thousands of 

USD) and the percentage of state residents who are union members.53,55,58 

We also included policy index variables for Medicaid and the Supplemental Nutrition Assistance 

Program (SNAP), which comprised multiple aspects of each program that varied across states and time. 

Both indices ranged from 0, indicating no policies to 3 indicating SNAP or Medicaid policies with greater 

generosity. Both measures were parameterized as ordinal, categorical covariates in all models. The 

Medicaid index included 1) whether state Medicaid eligibility limits for children were above median for 

states in a given year, 2) whether state Medicaid eligibility limits for parents were above median for states 

in a given year, 3) whether the state had a Medicaid program for non-citizens, and 4) whether the state 

expanded Medicaid under the Affordable Care Act. The SNAP index included 1) whether non-citizens in 

the state were fully eligible for SNAP benefits, 2) whether the state allows SNAP online applications, 3) 

whether state had no SNAP ban for drug felons, and 4) whether the state uses broad-based categorical 

eligibility to increase or eliminate the asset test and/or to increase the gross income limit for SNAP 

users.57 

Statistical analysis  

A difference-in-difference-differences (DDD) framework was used to estimate the association of 

an increase in minimum wage and health behaviors.61,62 The DDD uses comparisons across states and 

years, but also between likely affected and likely unaffected group, here defined by educational 

attainment.63 The third comparison helps to address unobserved confounders that might vary over time 

differentially by state.61 In this study, we defined the “likely affected” group as working-age adults with a 

high school education or less with the “likely unaffected” comparison group comprised of those with some 

college education or more.62 The DDD modified model was defined as: 

(1) log(Yitsj) = β1MWts + β2Aij + δ1AijMWts + β3Vts + β4Sts + "!	 +	γs + uts + eitsj,  

where i, t, s, and j index individuals, years, states, treatment group respectively. The health behaviors of 

interest, smoking, drinking, or PA are defined as log(Yitsj). β1 is the effect of the state minimum wage level 

for the likely unaffected group. MWts is the inflation-adjusted minimum wage in a given state and year. β2 

is the estimated association between an individual having a high school diploma or less and their 

outcomes, when the minimum wage is set at the federal level. Aij equals 1 if the person has a high school 
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diploma or less.62 The coefficient of interest, δ1, captures the relation between minimum wage levels and 

the outcomes for the likely affected group and is the primary estimate of interest. The vectors Vits and St 

capture sets of state-level control variables. State (γs), and year ("!) fixed effects will also be included. 

eitscj is the random error term. Using the potential outcomes framework for causal estimation,63 the DDD 

approach estimates the average intent-to-treat effect of the minimum wage. This is because not all 

individuals in the likely affected group are, in actuality, exposed to a minimum wage increase in their state 

in a given year.63,64 

We examined associations in the full sample of employed and unemployed adult respondents. 

We then restricted our sample to employed, hourly wage workers, following Du and Leigh (2018)62 to 

determine if the associations between the minimum wage and our primary health outcomes of interest 

were different in this population. In addition, we examined associations within race/ethnicity-gender strata 

(non-Hispanic White men, non-Hispanic White women, men of color, and women of color) similar to 

Averett (2017).35 Secondary analyses of smoking cessation and binge drinking episodes in the past year 

were only conducted in the full sample and the subsample of employed, hourly wage workers due to the 

small number of outcomes across race/ethnicity and gender strata. All regressions used a generalized 

linear model with Poisson distribution and log link, which allowed us to directly estimate the risk ratio 

(RR).65 All statistical analyses were performed using Stata Version 1466 using a significance level 0.05.  

A key assumption of DD models is that unmeasured confounders across “treated” and “untreated” 

groups, in this case states that increase their minimum wage and those that do not, are either time-

invariant state-specific characteristics or time-varying characteristics that do not vary across states.67 If 

these assumptions hold true, a time series plot of the outcome in both treated and untreated states 

should resemble parallel lines, that is, moving together in a fixed amount in every period.67 This applies 

for both the pre- and post-invention periods, but for the intervention in the treated states.67 We provide 

graphical support for this assumption in Supplementary Figure 1 by showing the trends by whether or not 

the state’s minimum wage was at or above the federal wage rate and by baseline educational attainment 

of our sample.67 

We tested the sensitivity of our main findings to alternative pseudo treatment and control groups 

specifications.3 First, to compare to prior studies, we compared our DDD approach to a difference-in-



 

 54 

difference (DD) model using the entire sample population and a DD model restricted to the likely affected. 

Second, we reevaluated our education cut point by comparing those with some college education or less 

to college graduates or higher. Third, we redefined our treatment and control groups by comparing 

calculated, regular hourly wage rates, for those respondents who were employed and paid hourly, to the 

state minimum wage rate, both adjusted for inflation. We used a cut point of wages ≤150%, “likely 

affected” or >150%, “likely unaffected”, of the state minimum wage rate. Note that the PSID asks about 

wage rates at the time of the survey, therefore, since alcohol consumption was assessed in the prior year, 

we used wages and state minimum wage rates from the prior survey wave. In addition, we tested our 

findings against an alternative minimum wage specification – the nominal, non-inflation adjusted minimum 

wage. All sensitivity analyses were run for the overall sample only. In addition, we ran our primary, overall 

models adjusting for state unemployment. We elected not to adjust for state unemployment in main 

models as we believed that state unemployment operates as a time-varying confounder, being both on 

the causal pathway between minimum wage and health as well as influencing the probability of future 

minimum wage increases. However, this covariate is frequently adjusted for in the literature and we 

therefore include this adjustment for comparison purposes. We also restricted our sample to respondents 

who did not moved to a different state during the period of observation following Du and Leigh (2018) to 

more rigorously control for state fixed effects. Finally, out of concern for potential misreporting of health 

behaviors, we restricted our analyses to non-proxy respondents, that is, we examined health behaviors 

among adults reporting only for themselves. In most cases this was the head of household. 

 

RESULTS 

 During the period of observation, from 1999 to 2017, states increased their minimum wage rates 

a combined total of 362 times. About three-fifths (63%) of these increases did not occur during the same 

period the federal minimum wage increased, from 2007 to 2009. The number of states with minimum 

wage rates above the federal rate more than doubled over the period, from 12 in 1999 to 30 in 2017 

(Appendix Figure 1). Appendix Table 1 summarizes changes to changes in other state policies and state 

characteristics that were included as model covariates between the 1999 to 2017 period. 
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Table 1 shows both unweighted and weighted socio-demographic characteristics, prevalent 

health behaviors, consumption, and PA engagement in sample PSID respondents at their first 

observation overall and by education for the 1999 to 2017 study period and between 2005 to 2017 for 

alcohol consumption and PA. The mean age of the sample was 34.7 years with an average of 13.5 years 

of education. Half of the sample were women and 44.1% were persons of color. Most of the sample was 

employed (86.3%) with 7.5% looking for work and 6.2% not in the labor force. Among the employed, 

60.0% were paid hourly at an average hourly wage rate of $14.11 per hour.  

Approximately one-fourth of the sample (24.0%) were current smokers. Among current smokers, 

the mean number of cigarettes consumed per day was 13.2, or just under a pack and a half a day. About 

67.1% of respondents said that they ever drank alcohol and consumed at least 1 to 11 alcoholic 

beverages in the past year. On average, respondents engaged in light or moderate PA of ≥10 minutes in 

duration 4.4 times per week. In comparison, respondents engaged in slightly less frequent heavy PA of 

≥10 minutes in duration – around 3.3 times per week. Additional descriptive statistics for the sample 

restricted to the 2005 to 2017 PSID waves can be found in Supplementary Table 1. Sociodemographic 

characteristics of respondents in both survey periods were comparable. 

In comparing respondents by level of educational attainment, those with a high school diploma or 

less were comprised of fewer women (47.3%) and employed adults (82.0%) but had a greater share of 

persons of color (53.2%) and hourly wage earners (78.1%) (Table 1). Less educated adults also had a 

lower hourly wage rate ($12.64) compared to those with more education ($15.91). Less educated 

respondents were more likely to be smokers and less educated smokers smoked more cigarettes per day 

compared to their higher educated counterparts. Less educated respondents were less likely to report 

having drank in the past year; however, those that did drink consumed more alcoholic beverages per day 

in the past year, on days they drink compared to those with some college education or more. Weekly 

engagement in light or moderate and heavy PA was similar between those with a high school education 

or less and those with some college education or more (Table 1). Weighted estimates were comparable 

to unweighted estimates with the exception of the percentage of the sample comprised of persons of 

color. This is due to the fact that only families who were included in the original 1968 sample wave 
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received longitudinal weights and therefore these weighted estimates are nationally representative of the 

1968 US population.  

Estimated DDD risk ratios associated with minimum wage increases and cigarette consumption 

for employed and unemployed respondents, overall and by race/ethnicity and gender strata can be found 

in Table 2. Overall, there was no association between higher minimum wages and daily consumption of 

cigarettes. However, there was null but suggestive evidence of a marginally elevated daily consumption 

of cigarettes of 6% (RR = 1.06, 95% CI = 0.99, 1.13) associated with a $1 increase in minimum wage 

among baseline smokers with a high school education or less compared to those some college education 

or more. However, we had insufficient precision to reject the null hypothesis. In race/ethnicity and gender 

stratified models, higher minimum wages were modestly associated a 10% higher daily consumption of 

cigarettes among non-Hispanic White men with high school education or less compared to those some 

college education or more who smoked at baseline. 

Also found in Table 2 is the estimated risk associated with minimum wage increases and alcohol 

consumption for employed and unemployed respondents, overall and by race/ethnicity and gender strata. 

Overall, there was no association between higher minimum wages and daily consumption of alcohol, on 

days that respondents reported drinking. In addition, there was no association between minimum wage 

increases and alcohol consumption across race/ethnicity and gender strata. 

Table 2 additionally displays the estimated risk associated with higher minimum wage and weekly 

engagement in light or moderate or heavy PA. Overall, there was no association between higher 

minimum wages and the number of times respondents reported engaging in light or moderate PA or 

heavy PA per week. In race/ethnicity and gender stratified models, men of color with a high school 

education or less there had a marginal 5% reduction (RR = 0.95, 95% CI = 0.90, 1.00) in weekly 

engagement in heavy PA. There was no other evidence of associations between minimum wage 

increases and PA in any other race/ethnicity and gender group. 

 Further analyses (Table 3) restricted the sample population to those respondents who were 

employed and paid hourly at baseline. Similar to our models conducted in the full population of employed 

and unemployed respondents, we observed no association between higher minimum wages and 

smoking, drinking, or PA in the overall sample of employed hourly wage workers. Estimates for daily 
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cigarette consumption among non-Hispanic White men were attenuated to non-significance in this 

subsample. However, in employed, hourly wage men of color with a less than a high school education we 

also observed a 5% reduction in  weekly heavy PA but not light PA relative to their higher educated 

counterparts. No associations between minimum wage and any of the four health behaviors examined 

were present across race/ethnicity and gender strata.  

 Table 4 provides DDD risk ratios associated with minimum wage increases and our secondary 

analytic outcomes: smoking cessation and binge drinking episodes in the past year for the full sample of 

employed and unemployed respondents as well as the subsample of employed, hourly wage workers. 

There was little evidence that higher minimum wages were associated with greater smoking cessation or 

a higher or lower rate of days of binge drinking in the past year. There was some suggestive evidence 

that higher minimum wages were associated with higher (RR = 1.15, 95% CI = 0.93, 1.43) smoking 

cessation among employed, hourly wage workers with a high school education or less; however, this 

estimate was imprecise and failed to reject the null hypothesis. 

Sensitivity analyses 

DD models conducted in the full sample and restricted to our likely affected group supported our 

primary findings using DDD models (Supplementary Table 2) There was no association between higher 

minimum wages and smoking, drinking, or PA in DD models in the full sample. Likewise, no such 

association was observed in DD models restricted to respondents with high school education or less. 

We also conducted several other sensitivity tests varying our likely affected and unaffected group 

definition, minimum wage specification, covariate adjustment, and population (Supplementary Table 3). 

Our primary model findings were robust to defining our likely affected group as those earning hourly 

wages ≤150% of the state minimum wage at baseline, using those earning hourly wages >150% of the 

state minimum wage as controls. In addition, our findings were robust to adjusting for state 

unemployment and restricting to those respondents who did not move to a new state from 1999 to 2017. 

However, our estimate for daily cigarette consumption was sensitivity to varying our likely affected 

educational attainment cut point to some college education or less compared to a college degree or more, 

finding a 17% (RR = 1.17, 95% CI = 1.08, 1.26) increase in daily consumption of cigarettes associated 

with higher minimum wages. All other health behavior estimates for this treatment group specification 
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were comparable to primary models. In addition, our estimates were similar when using the nominal 

minimum wage instead of the inflation-adjusted minimum wage; however, our estimate for daily cigarette 

consumption had somewhat better precision (RR = 1.06, 95% CI = 1.03, 1.09). Restriction of analyses to 

non-proxy respondents produced results similar to our primary findings; however, the estimated reduction 

in engagement in heavy PA in men of color was attenuated (Supplementary Table 4). In addition, we 

observe a reduction in weekly engagement in light PA in less educated non-Hispanic White men 

compared to their higher educated counterparts.  

Finally, out of concern over a potential violation of the parallel trends assumption for cigarette 

consumption from 1999 to 2005 (Supplementary Figure 1) we ran cigarette consumption models for the 

full sample and those employed and paid hourly at baseline for the years in which we have better support 

for parallel trends for smoking – 2007 to 2017 (Supplementary Table 5). The elevated risk of cigarette 

consumption for non-Hispanic Whites was attenuated and highly imprecise. All other estimates null in line 

with our primary findings. 

 

DISCUSSION 

The present study found little evidence that minimum wage increases had any influence on 

cigarette consumption among baseline smokers, alcohol consumption in baseline drinkers, or 

engagement in either light or moderate or heavy PA. These findings did not change when restricted to the 

subpopulation of employed, hourly wage workers. Moreover, our findings were robust to changes in the 

method used to define our likely affected and unaffected group specifications, using the nominal rather 

than inflation-adjusted minimum wage, adjusting for state unemployment, and restriction to non-movers. 

We also found little evidence of heterogeneity in these associations across race/ethnicity and gender.  

Our null overall findings for daily cigarette smoking differ from the majority of cross-sectional 

studies which have found that minimum wage increases reduce the probability of being a current 

smoker.3 However, it is worth noting that in secondary analyses we do observe a positive but imprecise 

association between higher minimum wages and smoking cessation among employed, hourly wage 

workers, which is in line with this prior body of work and deserves further study. This present study is 
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perhaps most comparable to the longitudinal study conducted by Reeves (2017)33 who found no evidence 

of a change in cigarette smoking in smokers.  

Horn (2017) also found, in secondary analysis, that minimum wage increases were positively 

associated with smoking in men; however, they had insufficient evidence to show this estimate was 

statistically different from 0. While smoking is generally considered an inferior good by much of the 

economics literature,82 there is some evidence from the evaluation of other income policies, such as the 

EITC, that smoking increases with higher income.81 Moreover, there is evidence to suggest that the 

relation between income and smoking varies by the economic development of the country in which a 

person lives and the economic state – expanding or in decline.81,92,93 

With respect to the influence of minimum wage on alcohol consumption, our findings are unable 

to further elucidate the nature of this relation, if one exists at all.3 To date, most the studies evaluating this 

relation have specifically focused on problem drinking – typically binge drinking or heavy drinking with one 

studying examining alcohol-related traffic fatalities in youth.17,21,88,94 Our main findings differ from these 

studies in that we use a continuous measure of alcohol consumption rather than a specific cut point. 

However, secondary analyses examining the influence of minimum wage increases on the number of 

days respondents reported binge drinking also found no relation. As with smoking, there is some 

evidence to suggest that alcohol consumption varies with larger macroeconomic trends.92,93 Regular 

alcohol consumption is expensive; however, excessive alcohol consumption itself is a chronic condition 

that does likely persists beyond financial constraints. We believe the study of the minimum wage’s 

influence on alcohol consumption should remain an active area of research. 

While our overall results showed no relation between minimum wage increases and PA, we did 

observe a reduction in participation in heavy PA, but not light or moderate PA, among men of color. Our 

findings are in line with both Horn (2017) who found higher minimum wages lead to a nonsignificant 

decline in participation in PA.17 Lenhart provides a more holistic picture by showing that higher minimum 

wages lead to a decline in time devoted to health-promoting activities, such a PA, in favor of non-health 

promoting leisure.71 We believe understanding the relation between higher minimum wages and PA is 

particularly important given the interest in the influence on minimum wages on obesity risk.3 If minimum 

wage increases influence risk of obesity, either positively or negatively, it stands to reason that higher 
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minimum wages should be associated with energy balance behaviors, but, to date, no conclusive 

evidence has been found.3 

Although our findings were largely null, we believe these results nonetheless represent an 

important contribution to the growing literature evaluating the influence of minimum wage increases on 

health behavior and had several major strengths. First, to our knowledge, it is one of two studies that 

have used a longitudinal design to evaluate the association between minimum wage increases and 

smoking and the first to examine longitudinal changes in alcohol consumption and PA.3,72 Second, we 

further leverage these longitudinal data by applying econometric and social epidemiologic methods to 

estimate risk. Third, similar to several recent studies,3,17,20,21,62,68 this analysis employs a DDD strategy, 

which allows for the control of unmeasured time-varying and state-varying confounders. Fourth, we jointly 

evaluate the influence of both race/ethnicity and gender on the minimum wage and health behavior 

relation for the general sample of employed and unemployed respondents as well as for employed, hourly 

wage workers. This coupled with our DDD strategy allows us to jointly evaluate the influence of 

race/ethnicity, gender, education, and employment status which, to our knowledge, few other studies 

have done.3  

Despite these strengths, this study also had several key limitations. First, small sample sizes due 

to restrictions, differences in or availability of health questions in the PSID over time, and PSID sampling 

limited the precision of our estimates and may have led to violations in the positivity requirement of the 

potential outcomes framework for causal inference. However, these violations, were they present, were 

random and not structural in nature. Moreover, limited representation across racial/ethnic identities 

necessitated the aggregation of several categories to a singular persons of color category. Second, the 

value of education with respect to earning potential may vary across race/ethnicity and gender and 

therefore using educational attainment as a strategy to identify those likely affected by minimum wage 

may introduce bias if women and/or persons of color are more likely to earn lower wages at higher 

education levels relative to their White and/or male counterparts.74 We sought to gauge the extent to 

which this may have influenced our results by redefining our likely affected group as those with some 

college education or less. While we observed similar results overall, our estimates for daily cigarette 

consumption for non-Hispanic White men strengthened when using some college or less education as 
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our education cut point. Third, we cannot rule out bias due of misclassification of our minimum wage 

exposure. Minimum wage laws are highly complex – changing within years and often differing within 

states across industries among tipped versus non-tipped workers. Moreover, there a number of reasons a 

worker with a high school education or less may earn well over the state minimum wage such as being a 

trade worker or as a member of a union. We sought to address this issue by examining multiple treatment 

and control group definitions as well as minimum wage specifications. Fourth, not often discussed in the 

minimum wage and health literature is the possibility of violating the consistency requirement of the 

potential outcomes framework through interference. Interference could occur when the passage of a 

minimum wage in a neighboring state influences the health of an individual in a state whose minimum 

wage is equal to the federal rate. Workers living along state borders may commute into and out of states 

for work and should the minimum wage in a given state lead to a loss in jobs, low-wage workers could 

leave that state to look for work elsewhere.75–78  Research into these so-called geographic “spillover 

effects” of minimum wage policies is still an active area of research in the econometrics literature.75–78 

Evidence, to date, remains decidedly mixed and it does not appear that there is sufficient evidence to 

prove nor disprove the presence of interference in this minimum wage analyses.75–78  Fifth, our measure 

of PA was relatively crude given that we only had information on the frequency of participation in PA and 

the minimum, but not actual duration. Future work should evaluate whether minimum wage increases 

have any influence on the minutes engaged in moderate to vigorous PA and whether or not it is 

associated with meeting US guidelines for PA for adults.95 Sixth, cigarette consumption in treated and 

control states across our likely affected and unaffected groups may violate the parallel trends assumption 

for the first half of the observation period. We sought directly evaluate the potential impact this had on 

findings by restricting our analysis to 2007 to 2017 when we have better support for parallel trends. 

Seventh, our analysis of secondary outcomes, smoking cessation and binge drinking was limited, given 

the small number of events, and we were unable to examine differences within race/ethnicity and gender 

strata. Moreover, we did not have information on the number quit attempts for the entire period of 

observation. Eighth, as with all quasi-experiential study designs, we cannot rule of the potential for 

unmeasured confounding. 
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Our findings contribute to the growing body of work that has examined the association between 

higher minimum wages and health behavior. Health behaviors such as drinking, smoking, and PA 

represent a key pathway through which minimum wage can influence long-term health. We found no 

evidence of a relation higher minimum wages and smoking, drinking, and PA in either a combined sample 

of employed and unemployed working-age adults nor an employed sample of hourly wage workers. We 

further found little evidence of heterogeneity across race/ethnicity-gender strata. Future studies should 

examine local minimum wage initiatives and the extent to work macroeconomic conditions, such as state 

unemployment, minimum wage may jointly operate to influence health behavior. In addition, studies 

should continue to examine the influence that minimum wage has smoking cessation, both the number of 

quit attempts and successful quits, as well as binge drinking and evaluate these relations by race/ethnicity 

and gender strata.
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Table 1. Sample characteristics at first observation for the full sample, overall and by education, 1999 to 2017 

Characteristics Overall 
(unweighted) 

Overall 
(weighted) 

Educational attainment 
≤High school 

diploma 
(unweighted) 

≤High school 
diploma 

(weighted) 

≥Some 
college  

(unweighted) 

≥Some 
college  

(weighted) 
Sample size, individuals, n 13,730 8,059 6,166 3,644 7,564 4,415 

Person-years, n 165,838 104,506 75,124 48,982 90,714 55,524 
Number of observations per individual, mean (SD) 6.8 (2.9) 7.5 (2.6) 6.9 (2.9) 7.7 (2.6) 6.8 (2.8) 7.3 (2.7) 

Demographics             
Age (years), mean (SD) 34.7 (9.4) 35.8 (7.0) 35.1 (9.3) 36.2 (7.3) 34.4 (9.4) 35.5 (6.7) 
Women, % 49.9 49.0 47.3 48.0 52.0 49.7 
Persons of color, % 44.1 27.3 53.2 35.2 36.8 21.8 
Race and gender, %             

Non-Hispanic White men 29.3 37.9 25.5 34.1 32.3 40.5 
Non-Hispanic White women 26.6 34.8 21.3 30.7 31.0 37.7 
Men of color 20.9 13.1 27.2 17.9 15.7 9.8 
Women of color 23.3 14.1 26.0 17.3 21.0 12.0 

Education and employment             
Years of education, mean (SD) 13.5 (2.3) 13.7 (1.6) 11.5 (1.3) 11.4 (1.1) 15.1 (1.4) 15.3 (0.9) 
Employment status, %             

Employed 86.3 88.5 82.0 85.1 89.8 90.9 
Unemployed 7.5 6.0 11.1 8.5 4.6 4.3 
Not in labor force 6.2 5.5 7.0 6.4 5.6 4.8 

Paid hourly, %a 60.0 55.1 78.1 75.2 46.7 42.4 
Hourly wage rate (USD 2017), mean (SD)a 14.11 (20.42) 14.83 (16.96) 12.64 (24.52) 12.85 (20.20) 15.91 (13.62) 17.07 (12.41) 
Hourly wage ≤150% of state minimum wage, (%)a 25.7 23.8 30.3 28.1 20.1 18.9 

Health behaviors             
Current smoker, % 24.0 23.3 35.1 34.9 14.9 15.1 
Daily cigarette consumption, mean (SD)b 13.2 (9.4) 14.4 (6.9) 14.2 (9.7) 15.6 (7.3) 11.4 (8.5) 12.6 (6.1) 
Drank alcohol, %c,d 67.1 71.3 60.3 64.4 72.4 76.2 
Alcoholic beverages consumed, mean (SD)c,e 2.5 (1.7) 2.5 (1.2) 2.8 (1.9) 2.9 (1.5) 2.3 (1.4) 2.3 (1.0) 
Weekly instances of light physical activity, mean (SD)c 4.3 (3.9) 4.5 (2.7) 4.3 (4.3) 4.4 (3.1) 4.3 (3.6) 4.5 (2.4) 
Weekly instances of heavy physical activity, mean (SD)c 3.0 (3.4) 3.1 (2.3) 2.9 (3.7) 2.9 (2.7) 3.1 (3.1) 3.2 (2.1) 

SD = standard deviation; USD = United States dollars 
Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 
Note: All percentages calculated using the number of unique individuals.  
aOnly calculated for those individuals who were employed, and those individuals paid hourly with tips or commission were excluded  
b Only calculated for current smokers 
c Based on consumption during past year. Data only from survey waves 2005 to 2017. 
d Defined as those who responded yes to having ever drank alcohol and that they consumed at least 1 to 11 alcoholic beverages in the past year 
eOnly calculated for current drinkers on days reported drinking
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Table 2. DDD risk ratio associated with a $1 increase in current minimum wage on health behaviors among employed and unemployed adults age 
25 to 64 years with a high school education or less compared to those with some college or more, overall and by race/ethnicity and gender strata 

Health behavior Daily cigarette 
consumption 

Alcoholic beverages 
consumed on days drank 

Weekly instances of light or 
moderate physical activity 

Weekly instances of heavy 
physical activity 

Subgroup RR 95% CI RR 95% CI RR 95% CI RR 95% CI MW specification 
Overall 1.06 (0.99, 1.13) 1.01 (0.99, 1.04) 1.00 (0.96, 1.00) 1.00 (0.95, 1.01) 
Person-years 37,660 70,530 111,044 104,248 
Non-Hispanic White men 1.10* (1.01, 1.19) 1.00 (0.96, 1.03) 0.97 (0.93, 1.01) 1.00 (0.92, 1.05) 
Person-years 12,146 23,742 33,864 33,890 
Non-Hispanic White women 1.01 (0.89, 1.14) 1.00 (0.97, 1.03) 1.00 (0.95, 1.01) 0.98 (0.93, 1.03) 
Person-years 9,372 21,576 28,942 24,332 
Men of color 1.01 (0.91, 1.12) 1.03 (0.97, 1.11) 0.98 (0.94, 1.03) 0.95* (0.90, 1.00) 
Person-years 8,510 12,556 22,712 22,786 
Women of color 1.02 (0.90,1.17) 1.01 (0.96, 1.07) 1.00 (0.96, 1.03) 1.00 (0.96, 1.05) 
Person-years 7,632 12,656 25,526 23,240 
DDD = difference-in-difference-in-differences; RR = risk ratio; CI = confidence interval 
Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 
Note: Smoking and alcohol consumption evaluated only among those individuals who said they consumed these products at their baseline observation. The 
evaluation of alcoholic beverages consumed on days drank, weekly light or moderate physical activity, and weekly physical activity occurred during the 2005 to 
2017 waves of the PSID due to prior year question or response option incompatibility. Models are adjusted for age, gender, race/ethnicity, state gross product, 
whether the state has a refundable EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the state are fully eligible for SNAP 
benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based categorical eligibility to, a 
Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents above median, 3) state has 
Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a family of four, and the 
percentage of residents who are union members, and state and fixed effects.  
* P < 0.05, ** P < 0.01, *** P < 0.001



 

 65 

Table 3. DDD risk ratio associated with a $1 increase in current minimum wage on health behaviors among employed, hourly wage adults age 25 
to 64 years with high school education or less compared to those with some college or more, overall and by race/ethnicity and gender strata 

Health behavior Daily cigarette 
consumption 

Alcoholic beverages 
consumed on days drank 

Weekly instances of light 
or moderate physical 

activity 

Weekly instances of 
heavy physical activity 

Subgroup RR 95% CI RR 95% CI RR 95% CI RR 95% CI MW specification 
Overall 1.00 (0.93, 1.07) 1.02 (0.99, 1.06) 0.98 (0.96, 1.01) 0.97 (0.93, 1.01) 
Person-years 26,538 38,490 65,404 61,724 
Non-Hispanic White men 1.03 (0.96, 1.11) 1.00 (0.96, 1.05) 0.98 (0.93, 1.03) 0.98 (0.90, 1.08) 
Person-years 7,998 10,422 15,944 15,950 
Non-Hispanic White women 0.96 (0.85, 1.09) 1.01 (0.97, 1.06) 0.98 (0.94, 1.02) 0.95 (0.89, 1.02) 
Person-years 6,272 11,286 15,966 13,314 
Men of color 0.93 (0.82, 1.06) 1.04 (0.97, 1.11) 1.00 (0.94, 1.05) 0.95* (0.90, 1.00) 
Person-years 6,530 8,440 15,546 16,036 
Women of color 1.01 (0.88, 1.15) 1.02 (0.94, 1.09) 0.99 (0.94, 1.05) 0.98 (0.94, 1.02) 
Person-years 5,738 8,342 17,948 16,424 
DDD = difference-in-difference-in-differences; RR = risk ratio; CI = confidence interval 
Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 
Note: Smoking and alcohol consumption evaluated only among those individuals who said they consumed these products at their baseline observation. The 
evaluation of alcoholic beverages consumed on days drank, weekly light or moderate physical activity, and weekly physical activity occurred during the 2005 to 
2017 waves of the PSID due to prior year question or response option incompatibility. Models are adjusted for age, gender, race/ethnicity, state gross product, 
whether the state has a refundable EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the state are fully eligible for SNAP 
benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based categorical eligibility to, a 
Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents above median, 3) state has 
Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a family of four, and the 
percentage of residents who are union members, and state and fixed effects.  
* P < 0.05, ** P < 0.01, *** P < 0.001
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Table 4. DDD risk ratio associated with a $1 increase in current minimum wage on smoking cessation and binge drinking among adults age 25 to 
64 years with high school education or less compared to those with some college or more, overall and by race/ethnicity and gender strata 
Health behavior Smoking cessation Binge drinking episodes in past year 
Subgroup RR 95% CI RR 95% CI MW specification 
Full sample 1.01 (0.85, 1.21) 0.97 (0.87, 1.07) 
Person-years 25,588 74,826 
Employed, hourly wage workers 1.15 (0.93, 1.43) 0.98 (0.87, 1.10) 
Person-years 18,310 42,766 
Source: Authors’ calculation using the 1999-2017 Panel Study of Income Dynamics 
Note: Smoking and alcohol consumption evaluated only among those individuals who said they consumed these products at their baseline observation. The 
evaluation of alcoholic beverages consumed on days drank, weekly light or moderate physical activity, and weekly physical activity occurred during the 2005 to 
2017 waves of the PSID due to prior year question or response option incompatibility. Models are adjusted for age, gender, race/ethnicity, state gross product, 
whether the state has a refundable EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the state are fully eligible for SNAP 
benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based categorical eligibility to, a 
Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents above median, 3) state has 
Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a family of four, and the 
percentage of residents who are union members, and state and fixed effects.  
* P < 0.05, ** P < 0.01, *** P < 0.00
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Supplementary Figure 1. Daily cigarette and daily alcohol beverage consumption and engagement in light or moderate and heavy physical 
activity by state relative to federal minimum wage and individual-level education 

 
Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 
Note: Prevalence estimates are unweighted.
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Supplementary Table 1. Sample characteristics at first observation for full sample, overall and by education, 2005 to 2017 

Characteristics Overall 
(unweighted) 

Overall 
(weighted) 

Educational attainment 
≤High school 

diploma 
(unweighted) 

≤High school 
diploma 

(weighted) 

≥Some 
college  

(unweighted) 

≥Some 
college  

(weighted) 
Sample size, individuals, n 11,979 7,267 5,220 3,210 6,759 4,057 

Person-years, n 118,588 75,368 52,042 34,268 66,546 41,100 
Number of observations per individual, mean (SD) 5.6 (1.6) 5.8 (1.5) 5.7 (1.6) 5.9 (1.5) 5.6 (1.6) 5.7 (1.5) 

Demographics             
Age (years), mean (SD) 36.5 (10.3) 38.2 (7.6) 37.1 (10.2) 38.7 (7.7) 36.0 (10.4) 37.8 (7.4) 
Women, % 50.3 48.7 47.6 47.6 52.3 49.2 
Persons of color, % 45.1 28.1 55.2 36.9 37.2 22.1 
Race and gender, %             

Non-Hispanic White men 28.8 37.7 24.6 33.5 32.1 40.8 
Non-Hispanic White women 26.2 34.1 20.3 29.6 30.7 37.1 
Men of color 20.9 13.5 27.8 18.9 15.6 10.0 
Women of color 24.1 14.6 27.3 18.0 21.6 12.1 

Education and employment             
Years of education, mean (SD) 13.6 (2.3) 13.8 (1.6) 11.6 (1.4) 11.5 (1.1) 15.1 (1.4) 15.3 (0.9) 
Employment status, %             

Employed 87.3 89.2 82.9 86.2 90.8 91.6 
Unemployed 7.8 6.0 11.7 8.6 4.8 4.3 
Not in labor force 4.9 4.8 5.5 5.2 4.5 4.1 

Paid hourly, %a 60.0 55.7 78.9 76.4 47.1 43.0 
Hourly wage rate (USD 2017), mean (SD)a 15.1 (15.2) 15.8 (8.0) 13.1 (6.3) 13.4 (4.6) 17.4 (20.9) 18.4 (10.1) 
Hourly wage ≤150% of state minimum wage, (%)a 26.9 25.2 31.6 29.5 21.6 20.4 

Health behaviors             
Current smoker, % 23.3 22.5 34.6 34.3 14.5 14.7 
Daily cigarette consumption, mean (SD)b 11.1 (9.1) 12.0 (6.7) 12.0 (9.4) 12.9 (7.0) 9.5 (8.1) 10.5 (6.0) 
Drank alcohol, %c,d 67.1 71.3 60.3 64.4 72.4 76.2 
Alcoholic beverages consumed on days drank, mean (SD)c,e 2.5 (1.7) 2.5 (1.2) 2.8 (1.9) 2.9 (1.5) 2.3 (1.4) 2.3 (1.0) 
Weekly light physical activity, mean (SD)c 4.3 (3.9) 4.5 (2.7) 4.3 (4.3) 4.4 (3.1) 4.3 (3.6) 4.5 (2.4) 
Weekly heavy physical activity, mean (SD)c 3.0 (3.4) 3.1 (2.3) 2.9 (3.7) 2.9 (2.7) 3.1 (3.1) 3.2 (2.1) 

SD = standard deviation; USD = United States dollars 
Source: Authors’ calculation using the Panel Study of Income Dynamics 
Note: All percentages calculated using the number of unique individuals.  
aOnly calculated for those individuals who were employed, and those individuals paid hourly with tips or commission were excluded  
b Only calculated for current smokers 
c Based on consumption during past year. Data only from survey waves 2005 to 2017. 
d We defined drinking alcohol in the past year as those who responded yes to having ever drank alcohol and consuming at least 1 to 11 beverages in the past year 
eOnly calculated for current drinkers
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Supplementary Table 2. DD risk ratio associated with a $1 increase in minimum wage on health among adults age 25 to 64 years, overall and by 
race/ethnicity and gender strata 

Health behavior Daily cigarette 
consumption 

Alcoholic beverages 
consumed on days drank 

Weekly instances of light or 
moderate physical activity 

Weekly instances of 
heavy physical activity 

MW specification RR 95% CI RR 95% CI RR 95% CI RR 95% CI Model specification 
DD full population                 

Overall 1.00 (0.96, 1.03) 0.99 (0.98, 1.01) 1.01 (0.99, 1.03) 1.00 (0.97, 1.03) 
Person-years 37,660 70,530 111,044 104,248 
Non-Hispanic White men 1.02 (0.97, 1.06) 1.00 (0.98, 1.02) 1.00 (0.97, 1.03) 1.01 (0.96, 1.06) 
Person-years 12,146 23,742 33,864 33,890 
Non-Hispanic White women 1.02 (0.95, 1.09) 0.99 (0.96, 1.01) 1.05** (1.02, 1.08) 1.04 (0.99, 1.08) 
Person-years 9,336 21,576 28,942 24,332 
Men of color 1.01 (0.96, 1.07) 0.97 (0.94, 1.00) 0.97 (0.92, 1.02) 0.94* (0.89, 1.00) 
Person-years 8,510 12,556 22,712 22,786 
Women of color 0.92 (0.83, 1.01) 1.02 (0.98, 1.05) 1.00 (0.96, 1.03) 1.01 (0.97, 1.05) 
Person-years 7,632 12,656 25,526 23,240 

DD ≤ HS ed. only                 
Overall 1.01 (0.97, 1.05) 1.00 (0.97, 1.04) 0.99 (0.96, 1.02) 0.99 (0.95, 1.04) 
Person-years 24,626 23,814 47,922 45,154 
Non-Hispanic White men 1.04 (0.99, 1.09) 0.99 (0.95, 1.03) 0.99 (0.94, 1.04) 1.02 (0.95, 1.11) 
Person-years 7,508 7,796 12,468 12,464 
Non-Hispanic White women 1.06 (0.98, 1.13) 1.00 (0.95, 1.06) 1.02 (0.98, 1.07) 1.03 (0.96, 1.11) 
Person-years 5,458 6,416 9,530 7,792 
Men of color 1.01 (0.95, 1.07) 0.99 (0.94, 1.04) 0.92* (0.86, 0.98) 0.90** (0.83, 0.97) 
Person-years 6,272 6,596 13,182 13,234 
Women of color 0.92 (0.84, 1.01) 1.00 (0.93, 1.08) 1.00 (0.96, 1.05) 0.99 (0.92, 1.07) 
Person-years 5,388 5,392 12,742 11,664 

DDD = difference-in-difference-in-differences; RR = risk ratio; CI = confidence interval 
Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 
Note: Smoking and alcohol consumption evaluated only among those individuals who said they consumed these products at their baseline observation. The 
evaluation of alcoholic beverages consumed on days drank, weekly light or moderate physical activity, and weekly physical activity occurred during the 2005 to 
2017 waves of the PSID due to prior year question or response option incompatibility. Models are adjusted for age, gender, race/ethnicity, state gross product, 
whether the state has a refundable EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the state are fully eligible for SNAP 
benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based categorical eligibility to, a 
Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents above median, 3) state has 
Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a family of four, and the 
percentage of residents who are union members, and state and fixed effects.  
* P < 0.05, ** P < 0.01, *** P < 0.001 
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Supplementary Table 3. Sensitivity analyses for main model DDD risk ratio for the relation between minimum wage and health behaviors, overall  

Health behavior Daily cigarette 
consumption 

Alcoholic beverages 
consumed on days 

drank 

Weekly instances of 
light or moderate 
physical activity 

Weekly instances of 
heavy physical activity 

 Alternate model specification RR 95% CI RR 95% CI RR 95% CI RR 95% CI  
Some college education or less (college grad or more ref. 1.17*** (1.08, 1.26) 1.01 (0.99, 1.04) 0.99 (0.96, 1.01) 0.99 (0.94, 1.03) 

 

Person-years 37,660 70,530 111,044 104,248 
 

Earning wage <= 150% of the SMW (>150% SMW ref.) 1.00 (0.92, 1.09) 1.02 (0.99, 1.06) 1.00 (0.97, 1.03) 0.98 (0.94, 1.03) 
 

Person-years 20,212 20,732 51,452 48,294 
 

Nominal minimum wage 1.06*** (1.03, 1.09) 1.01 (0.99, 1.03) 1.00 (0.98, 1.01) 1.00 (0.98, 1.03) 
 

Person-years 37,660 70,530 111,044 104,248 
 

Adjusting for state unemployment 1.06 (0.99, 1.13) 1.01 (0.99, 1.04) 1.00 (0.97, 1.00) 0.98 (0.95, 1.01) 
 

Person-years 37,660 70,530 111,044 104,248 
 

Restricted to those who did not moved to a new state 1.03 (0.95, 1.10) 1.01 (0.98, 1.03) 1.00 (0.96, 1.01) 0.97 (0.94, 1.00) 
 

Person-years 29,558 52,540 82,568 79,390 
 

DDD = difference-in-difference-in-differences; RR = risk ratio; CI = confidence interval 
Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 
Note: Smoking and alcohol consumption evaluated only among those individuals who said they consumed these products at their baseline observation. The 
evaluation of alcoholic beverages consumed on days drank, weekly light or moderate physical activity, and weekly physical activity occurred during the 2005 to 
2017 waves of the PSID due to prior year question or response option incompatibility. Models are adjusted for age, gender, race/ethnicity, state gross product, 
whether the state has a refundable EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the state are fully eligible for SNAP 
benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based categorical eligibility to, a 
Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents above median, 3) state has 
Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a family of four, and the 
percentage of residents who are union members, and state and fixed effects.  
* P < 0.05, ** P < 0.01, *** P < 0.001 
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Supplementary Table 4. DDD relative risk associated with a $1 increase in minimum wage on health behaviors among adults age 25-64 years, 
restricted to non-proxy respondents, with a high school education or less compared to those with some college or more, overall and by 
race/ethnicity and gender strata 

Health behavior Daily cigarette 
consumption 

Alcoholic beverages 
consumed on days drank 

Weekly instances of light or 
moderate physical activity 

Weekly instances of heavy 
physical activity 

Subgroup RR 95% CI RR 95% CI RR 95% CI RR 95% CI MW specification 
Overall 1.04 (0.96, 1.13) 1.00 (0.98, 1.02) 0.98 (0.96, 1.01) 0.98 (0.95, 1.02) 
Person-years 25,644 45,828 73,420 68,990 
Non-Hispanic White men 1.09 (0.97, 1.23) 0.98 (0.94, 1.03) 0.95* (0.92, 0.99) 0.96 (0.89, 1.04) 
Person-years 6,672 13,310 18,368 18,374 
Non-Hispanic White women 1.00 (0.89, 1.13) 0.99 (0.95, 1.03) 0.99 (0.95, 1.02) 0.97 (0.91, 1.04) 
Person-years 7,018 14,584 20,360 17,540 
Men of color 0.99 (0.86, 1.15) 1.03 (0.95, 1.10) 1.03 (0.98, 1.10) 0.99 (0.91, 1.09) 
Person-years 5,206 9,430 12,684 12,688 
Women of color 0.97 (0.83, 1.14) 1.00 (0.96, 1.04) 0.99 (0.95, 1.03) 1.01 (0.96, 1.06) 
Person-years 6,748 10,504 22,008 20,388 
DDD = difference-in-difference-in-differences; RR = risk ratio; CI = confidence interval 
Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 
Note: Smoking and alcohol consumption evaluated only among those individuals who said they consumed these products at their baseline observation. The 
evaluation of alcoholic beverages consumed on days drank, weekly light or moderate physical activity, and weekly physical activity occurred during the 2005 to 
2017 waves of the PSID due to prior year question or response option incompatibility. Models are adjusted for age, gender, race/ethnicity, state gross product, 
whether the state has a refundable EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the state are fully eligible for SNAP 
benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based categorical eligibility to, a 
Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents above median, 3) state has 
Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a family of four, and the 
percentage of residents who are union members, and state and fixed effects.  
* P < 0.05, ** P < 0.01, *** P < 0.001 
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Supplementary Table 5. DDD risk ratio associated with a $1 increase in current minimum wage on health behaviors among adults age 25 to 64 
years with a high school education or less compared to those with some college or more, overall and by race/ethnicity and gender strata 
  Full sample  

(employed and unemployed) Employed, hourly wage workers 

Subgroup RR 95% CI RR 95% CI MW specification 
Overall 0.98 (0.89, 1.08) 0.92 (0.84, 1.01) 
Person-years 20,074 14,426 
Non-Hispanic White men 0.96 (0.83, 1.12) 0.93 (0.81, 1.07) 
Person-years 6,086 4,108 
Non-Hispanic White women 0.84 (0.68, 1.05) 0.82 (0.63, 1.08) 
Person-years 4,854 3,348 
Men of color 1.01 (0.84, 1.21) 0.94 (0.79, 1.13) 
Person-years 4,966 3,820 
Women of color 1.00 (0.82, 1.23) 0.97 (0.79, 1.19) 
Person-years 7,632 3,150 
DDD = difference-in-difference-in-differences; RR = risk ratio; CI = confidence interval 
Source: Authors’ calculation using the 2007 to 2017 Panel Study of Income Dynamics 
Note: Smoking and alcohol consumption evaluated only among those individuals who said they consumed these products at their baseline observation. The 
evaluation of alcoholic beverages consumed on days drank, weekly light or moderate physical activity, and weekly physical activity occurred during the 2005 to 
2017 waves of the PSID due to prior year question or response option incompatibility. Models are adjusted for age, gender, race/ethnicity, state gross product, 
whether the state has a refundable EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the state are fully eligible for SNAP 
benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based categorical eligibility to, a 
Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents above median, 3) state has 
Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a family of four, and the 
percentage of residents who are union members, and state and fixed effects.  
* P < 0.05, ** P < 0.01, *** P < 0.001 
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Chapter 3: The influence of prior-year employment instability on the relation between state 

minimum wage policies, obesity, and mental wellbeing 
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ABSTRACT 

Background. Low and minimum wage workers experience greater movement into and out of 

employment than their higher-earning counterparts. This instability has ramifications for health and may 

influence the potential benefits or unintended harms of social and income policies, such as the minimum 

wage on risk of obesity and poor mental health.  

Methods. Individual-level health data on adults from the 1999 to 2017 Panel Study of Income Dynamics 

was linked to state policies and characteristics. We used modified Poisson, difference-in-differences 

regression restricted to those likely affected by the minimum wage – individuals with a high school 

education or less. We estimated the risk associated with a $1 increase in minimum wage, interacted with 

employment instability, on obesity and moderate psychological distress, overall and stratified by gender. 

Employment instability was captured using two measures: 1) the number of weeks spent unemployed in 

the prior year and 2) tenure, in years, at their current employer. A body mass index of ≥30.0kg/m2 defined 

obesity while a Kessler-6 score of ≥5 defined moderate psychological distress.  

Results. We found limited but suggestive evidence that prior unemployment, but not employer tenure, 

may modify the relation between minimum wage, obesity, and moderate psychological distress. Among 

those with a high school education or less, we found that the greatest risk of obesity and moderate 

psychological distress was in individuals who experienced full year unemployment when the state 

minimum wage was $3 higher than the federal rate.  

Conclusion. Although we were unable to provide conclusive, causal evidence of effect modification by 

employment instability, we believe these findings highlight the importance of examining the economic 

circumstances of individuals when evaluating the relation between social and income policies, such as 

the minimum wage, and health. This is particularly timely as governments worldwide seek to ameliorate 

the long-term health and economic impacts ushered in by the current public health crisis through 

innovative income policies targeted at individuals.  
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INTRODUCTION 
 

The lives of many individuals earning low or minimum wages are ones marked instability and 

uncertainty.2,96 Low and minimum wage workers experience greater movement into and out of 

employment than their higher-earning counterparts.97,98 Evidence from work evaluating unstable or 

precarious employment, perceived job insecurity, and economic insecurity suggests that employment 

instability is linked to higher stress, anxiety, and depression.38,45,98–106 These chronic financial and job-

related stressors coupled with material depravation of basic needs, such as healthy food, and a paucity of 

time for health-promoting behaviors may also increase the likelihood of obesity.99,104,107 Compounding the 

issue, individuals earning low or minimum wages are often less educated which exposes them to greater 

employment instability and is itself a risk factor for obesity and poor mental health.4,36,38,102 As cities and 

states increasingly adopt higher minimum wages to improve the economic well-being of their residents 

there is concern that the most vulnerable low or minimum wage workers with less stable attachment to 

employment may not be in a position to benefit.2,25,98,108,109    

Individual-level, employment instability could be related to the minimum wage in one of several 

ways. First, should employers need to need to make changes to staffing or hours in response to 

increases in labor costs associated with higher minimum wage, they may base their decisions on the level 

of experience of the employee as well as their time under their employment. Work by Seattle researchers 

found that the more experienced and stably employed workers were more likely to see higher earnings 

while those who were less experienced were more likely to experience a loss in hours.109 Second, 

unemployment spells can lead to instability in other aspects of life such as material instability for basic 

needs like housing, health care, and child care97,110 or family instability, such as placing strain on 

marriages or domestic partnerships.97 These multiplicative or additive influences across multiple domains 

of instability could influence to likelihood of finding employment as well as the type and quality of that 

employment, such as low-paying jobs with erratic scheduling and few benefits. These factors all relate to 

the likelihood of individuals being in jobs that stand to benefit or be harmed by minimum wage increases. 

To date, there is a lack of clear evidence on the nature of the relation between minimum wage 

increases, obesity, and mental wellbeing. Evidence evaluating the association between minimum wage 

and obesity, or body mass index (BMI) range from somewhat negative to somewhat positive with a recent 
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review deeming the minimum wage-obesity relation inconclusive.3,20,21,32 With respect to mental well-

being, studies from the United States and United Kingdom have found some evidence that minimum 

wage increases reduce self-reported bad mental health days by approximately 0.06-0.17 days and 

reduce scores on the General Health Questionnaire, a validated measure of mental wellbeing.17,21,33 

Other studies have found no evidence to support a reduction in bad mental health days34 or any 

association with serious psychological distress, as measured by the Kessler 6-item scale (K-6).20 

However, there is fairly consistent recent evidence that higher minimum wages reduce the number of 

deaths from suicide.29–31  

The goal of the present study is address key limitations in the minimum wage and health by 

seeking to understand how employment instability modifies the relation between minimum wage and both 

physical and mental health. For our physical and mental health outcomes we examined obesity and 

moderate psychological distress. We selected these outcomes as both have demonstrated a strong 

associations with income36,111–113 and can be influenced by material depravation,98,114,115 job and financial 

stressors,98 positive or negative affect,39,69 as well as behavior,39,69 and have displayed some mixed 

associations with social and income policies, including the minimum wage.3,20,116–118 Moreover, much of 

the existing work on minimum wage and health has been cross-sectional which does not allow for the 

examination of dynamic changes in individual economic circumstances on risk of obesity and poor mental 

health. We used the rich economic and health data from the Panel Study of Income Dynamics (PSID) to 

explore changes in state minimum wage over nearly two decades. We used two measures of 

employment stability. First, we measured the extent of unemployment experienced by a worker in the 

past year using continuous reported weeks of unemployment in the past year. Second, we measured job 

tenure, in years, at the respondent’s current employer. We hypothesized that any beneficial influences of 

the minimum wage on obesity and mental well-being would accrue primarily among those with stable 

employment, while such benefits would be attenuated or reversed in persons with employment instability. 

 

METHODS 

 We used data from the 1999 to 2017 PSID51 to conduct a retrospective cohort study restricted to 

working-age, adult, heads of household and their spouses or domestic partners. The PSID is the world’s 
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longest, continually operating panel study following 9,000 families comprised of 24,000 individuals since 

1968 contacted via telephone. The original goal of the PSID was to understand the causes and 

consequences of poverty in the US and in 1999 they expanded outcomes to include physical and mental 

health.51 Since 1999, the PSID has collected data biannually giving us 10 waves of data between 1999 

and 2017. 

The study population was restricted to 25 to 64-year-old adult heads of household and their 

spouse/partners who were observed at least twice during the 1999 to 2017 period. The PSID defines 

“heads” of household as the male husband in a heterosexual married couple or the single adult of either 

sex (male or female).51 This definition conformed to the 1968 Census definition of a household head, the 

year in which the PSID was first implemented.51 In 2017, the PSID replaced the term “head” with 

“reference person” to reflect the diversification of families over time.51 The PSID historically defined the 

spouse/partner as a wife/”wife” where wife was used to describe the female in a married couple and “wife” 

was used to describe a cohabiting female.51 These terms were changed to spouse and partner, 

respectively, to expand these definitions to encompass both heterosexual and sex same couples.51 We 

limited of analysis to heads of household and spouse/partners as, even though the PSID collects 

information on other family members, the greatest detail with respect to economics and health is limited to 

these family members.51  

 Adults ages 25 to 64 years, who have been attached to the labor force (either employed or 

unemployed) at least once during the study period and have been observed at least twice during the 

years 1999 to 2017 were included in for the evaluation of obesity. For mental well-being, we restricted our 

analysis to 2007 to 2017, years in which questions regarding psychological distress were asked, and 

applied these same restrictions to this study period. All respondents included in the analysis needed to be 

free of prevalent disease at baseline for both obesity and moderate psychological distress; that is, they 

were not obese and were not experiencing moderate psychological distress at the time they met entry 

criteria and were first observed. Our analysis followed each individual until their last non-missing outcome 

measurement or until they developed the outcome, at which point they were censored. We merged this 

individual-level PSID data was to state-level file containing information on minimum wages as well as 
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other policies and characteristics thought to potentially confound the relation between minimum wage and 

health based on prior literature.3 These state-level data were obtained from multiple sources.52–58 

State minimum wage policies 

Information on state minimum wage policies over the period was acquired from the University of 

Kentucky Center for Poverty Research’s National Welfare Data55 and the Bureau of Labor Statistics.52 

The highest effective minimum wage was used for each state and for Washington, DC. Rates were 

adjusted for inflation using 2017 as a base year. It was assumed that each state minimum wage increase 

was realized at the first of the year and in place for the entire year. Some states have minimum wage 

laws that fall below the federal rate or have no minimum wage law at all. In these cases, federal law 

dictates that the federal minimum wage rate is the effective rate. In states that did not have a minimum 

wage law in place in a given year or had a rate that fell below the federally mandated minimum, the 

federal wage rate was the effective rate. We further centered the minimum wage by taking the difference 

between the state minimum wage and the federal minimum wage. This meant that a state that had a 

minimum wage rate that was equal to the federal rate would be assigned a value  0. We evaluated only 

contemporaneous increases in the minimum wage, that is, minimum wage increases that occurred in the 

same year as reported health outcomes. We did this as we hypothesized that the potential moderating 

influence of employment instability on the minimum wage-health relation would be immediate and 

potentially transitory. 

Obesity and moderate psychological distress 

Data on the height and weight of the head of household and their spouse/partner was self-

reported by the head of household. BMI was calculated using these self-reported data based on the 

standard formula BMI = weight (kg)/height (m)2. Persons with obesity were defined as those with BMI at 

or exceeding 30.0 kg/m2 based on Centers for Disease Control and Prevention guidelines. 

Moderate psychological distress was measured via the Kessler 6-item scale (K-6), which asks 

respondents whether and how often they experienced feelings of nervousness, hopelessness, 

restlessness, depression, struggle, and worthlessness in the past 30 days.59 Responses ranged from 0 

(none of the time) to 4 (all of the time), based on the frequency with which participants reported each 

item59 and were summed and dichotomized using a cut point of ≥5, which is predictive of moderate 
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psychological distress.59,60 The PSID did not administer the K-6 in either 1999 or 2005 and only 

administered the questionnaire to non-proxy respondents, that is, respondents only provided information 

on their own psychological distress. We restricted our analysis of mental well-being only to the period 

when the K-6 was continuously administered, from 2007 to 2017.  

Employment Instability  

Information on employment instability was based on data self-reported by head of household on 

their and their spouse/partner’s experience. We used two measures of employment stability. First, we 

measured the extent of unemployment experienced by a worker in the past year using continuous 

reported weeks in which the head or their spouse/domestic was unemployed but looking for work the past 

year. Second, we measured employer tenure at the head of household’s or spouse/partner’s employer for 

whom they reported currently working using the question: “How many years' experience do you have 

altogether with your present employer?” Respondents could answer in weeks, months, and years. 

Standardized and summed these responses to obtain a measure of employer in years. 

Covariates 

Several individual and state-level covariates were selected for adjustment based on their potential 

to confound the relation between state minimum wage increases and health.3 At the individual-level we 

adjusted for age (continuous years), gender (women, men), and race/ethnicity (persons of color, non-

Hispanic Whites), marital status (married, not married). Our list of individual-level covariates was limited 

as, although there are many individual socioeconomic and demographic characteristics that are related to 

obesity and moderate psychological distress, we did not believe that individual characteristics were likely 

to be related to state minimum wage increasing and would therefore not be considered confounders. At 

the state-level, covariates included whether the state has a refundable Earned Income Tax Credit 

program (EITC), the state sales tax rate (continuous percentage), the state Temporary Assistance for 

Needy Families benefit for a family of four (continuous United States Dollars (USD)), the state gross 

product (thousands of USD) and the percentage of state residents who are union members.53,55,58 

Two ordinal policy index variables related to Medicaid and the Supplemental Nutrition Assistance 

Program were also included to encompass multiple aspects of safety net or benefit generosity, which 

varied across states over time. The Medicaid index included whether state Medicaid eligibility limits for 1) 



 

 80 

children or 2) adults were above median for states in a given year, 3) whether the state had a Medicaid 

program for non-citizens, and 4) whether the state expanded Medicaid under the Affordable Care Act. 

The SNAP index included 1) whether non-citizens in the state were fully eligible for SNAP benefits, 2) 

whether the state allows SNAP online applications, 3) whether state had no SNAP ban for drug felons, 

and 4) whether the state uses broad-based categorical eligibility to increase or eliminate the asset test 

and/or to increase the gross income limit for SNAP users.57 Both indices ranged from 0, indicating no 

policies, to 3 indicating 3 or 4 of the aforementioned SNAP or Medicaid policies had been implemented in 

a given state and year. We chose to parameterize these variables as ordinal, categorical variables as we 

believed greater implementation of these policies would be associated with greater state generosity for 

these programs. We selected these programs as states have been given increasingly more leeway, over 

the study period, in how they administer these programs to their residents. In addition, both programs are 

used individuals earning low or minimum wages and both are related to health by increasing access to 

affordable healthcare and subsiding food costs. 

Statistical analysis  

 We estimated descriptive statistics with and without PSID survey design weights. These survey 

weights account for the complex survey design of the PSID as well as loss to follow-up and allow survey 

estimates to be nationally representative. However, only respondents who belong to families that were 

included in the original 1968 sample are provided longitudinal weights. Therefore, the weighted estimates 

are nationally representative of the 1968 US population. Since that survey weights were not available for 

all survey respondents and out of concern over potential bias introduced given that weighted respondents 

were more likely to be non-Hispanic White, we did not use survey weights to generate model estimates.  

We used a difference-in-differences (DD) strategy using a modified Poisson model to estimate 

the risk ratios (and 95% confidence intervals) associated with a $1 increase in minimum wage associated 

with obesity or moderate psychological distress. A DD strategy is a common, quasi-experimental 

approach that evaluates groups exposed to a policy change or some other environmental factor at 

different points in time.67 The simplest design compares outcomes across two groups, one exposed to a 

given policy or intervention, and one not, the control, between two points in time: pre-policy/intervention 
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and post-policy/intervention.67 We restricted our analysis to respondents most likely affected by the 

minimum wage law based on educational attainment – those with a high school degree or less.  

(1) log(Yitse) = β1MWts + β2Aij + δ1AieMWts + β3Vts + β4Sts + "!	 +	γs + uts + eitse,  

where i, t, s, and e index individuals, years, states, exposure to any weeks of unemployment in the past 

year. Incident obesity or moderate psychological distress are defined as log(Yitsj). β1 is the effect of the 

state minimum wage level for those who did not experience any weeks of unemployment in the prior year 

or whose employer tenure is <1 year. MWts is the inflation-adjusted difference between the state minimum 

wage and federal minimum wage in a given state and year. β2 is the estimated risk associated with every 

1 week increase in prior year unemployment or 1-year increase in employer tenure for individuals living in 

state with minimum wage rates equal to the federal rate. Aij is the number of weeks in unemployment or 

years of tenure. The coefficient of interest, δ1, captures the excess joint influence of higher minimum 

wage rates and weeks of unemployment in the prior year or years of tenure. The vectors Vits and St 

capture sets of state-level control variables. State (γs), and year ("!) fixed effects will also be included. 

eitscj is the random error term. All DD models also included cluster robust standard errors at the state level 

to account for within state correlation. All models were run for the full sample of employed and 

unemployed respondents as well as stratified by gender.119  We ran models by gender to account for 

known differences in the internalization of work by men. Men may be more likely to consider stable 

employment their normative role in society than women.119 This stratification also accounts for known 

differences in the proportion of women working in low and minimum wage jobs.5,119 All analyses were 

conducted using Stata 15.66 For further ease of interpretation of the continuous by continuous interaction, 

risk ratios were generated for selected combinations of state and federal minimum wage differences ($1, 

$2, and $3 differences between state and federal minimum wage) and our employment stability metrics 

using Stata’s lincom function. For unemployment, estimates were generated for 0, 26, and 52 weeks of 

unemployment in the prior year. For job tenure, we estimate risk at 1, 5, and 10 years of employment. For 

these calculations, states with no difference between their state minimum wage rate and the federal 

minimum wage rate ($0) were the reference group. Contour plots for main, full sample models were also 

generated to more fully examine the full spectrum of risk across a wider range of value for these two 

continuous metrics. 
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A key assumption of DD models is that unmeasured confounders across “treated” and “untreated” 

groups, in this case states that increase their minimum wage and those that do not, are either time-

invariant state-specific characteristics or time-varying characteristics that do not vary across states.67 If 

these assumptions hold true, a time series plot of the outcome in both treated and untreated states 

should resemble parallel lines, that is, moving together in a fixed amount in every period.67 This applies 

for both the pre- and post-invention periods, but for the intervention in the treated states.67 We provide 

graphical support for this assumption in Supplementary Figure 1-3 by showing the trends in both our 

outcomes and modifiers by whether or not the state’s minimum wage was at or above the federal wage 

rate and by baseline educational attainment of our likely affected group and unaffected group, for our 

sensitivity tests described in what follows. Out of concern for a potential violation of this parallel trends 

assumption for moderate psychological distress, we additionally run our primary models only for those 

years in which we have better support for parallel trends, 2011-2017. 

Sensitivity tests 

We tested the robustness of our results using several sensitivity tests. First, we rerun our DD 

Poisson model described in equation (1) in those respondents with some college education to estimate 

placebo effects. Second, we ran a difference-in-difference-in-differences model to directly compare of 

likely affected population to our likely unaffected population.61,62 The DDD model leverages not only 

comparisons across states and years but between likely affected and likely unaffected adults, in this case 

– those with a high school education or less compared to those with some college education or more. 

This third comparison is particularly useful in addressing potential unobserved, time-varying confounders 

that vary differentially across state. The DDD model accounts for that unobserved factor by comparing 

two groups within the state both of whom benefitted from the unobserved policy implementation but only 

one of which benefitted from the minimum wage.61 We further interacted this third difference with our 

employment instability measure. Third, capturing the correct timing of employer instability using employer 

tenure is somewhat complicated given that respondents may change employers as a consequence of a 

state minimum wage increase, due to job loss or a loss or benefits or hours. To address this issue, we ran 

additional models excluding those respondents who reported that the start date at their current employer 

was within the same year as the survey. Fourth, out of concern for potential misclassification of 
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spouse/partner heights and weights that were reported by the head of household, we ran our primary 

models restricted to non-proxy respondents, i.e. those respondents who self-reported their own height 

and weight values. Fifth, as previously described, we additionally run our primary models for moderate 

psychological distress only for those years in which we have better support for parallel trends, 2011-2017. 

 

 
RESULTS 
 
 During the period of observation, from 1999 to 2017, states increased their minimum wage rates 

a combined total of 362 times with three-fourths (270) occurring between 2007 to 2017. About three-fifths 

(63%) of these increases did not occur during the same period the federal minimum wage increased, from 

2007 to 2009. The number of states with minimum wage rates above the federal rate more than doubled 

over the period, from 12 in 1999 to 30 in 2017 (Appendix Figure 1). Appendix Table 1 summarizes 

changes to changes in other state policies and state characteristics that were included as model 

covariates between the 1999 to 2017 period. 

Table 1 provides a description of the demographic and socioeconomic characteristics of PSID 

participants with a high school education or less included in the analytic sample at their first observation. 

Sample characteristics are presented both unweighted and weighted, to account for the complex survey 

design of the PSID, from 1999 to 2017. The total sample included 7,017 individuals with an average of 6 

observations per individual (out of a maximum of 10) and a total of 86,220 person-years of observation. 

The average age of participants was 35.9 years. Half of participants were women (50.3%) and half were 

(53.2%) were persons of color. The average duration of education was 11.4 years. Approximately 77.9% 

of participants were employed at  baseline while 11.0% were unemployed but actively seeking work and 

the remaining 11.0% were not in the labor force. Roughly 15.3% of participants experienced one or more 

weeks of unemployment, in the prior year, with an average of 20.7 weeks spent unemployed. Among 

those participants who were employed at baseline, the average tenure at that employer was 6.5 years. 

Supplementary Table 1 provides more information on participants included in the 2007-2017 sample for 

the evaluation of moderate psychological distress. Across demographic, socioeconomic, characteristics 

the 1999 to 2017 and 2007 to 2017 samples were comparable. Weighted and unweighted characteristics 

were similar with the exception of the proportion of participants who were persons of color. This is likely 
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due to the fact that PSID participant families who were added to the panel after 1968 do not receive 

longitudinal weights. Therefore, weighted characteristics are nationally representative of the 1968 US 

population. 

Obesity 

Table 2 provides select estimates of risk of obesity by minimum wage and weeks of prior year 

employment for the full sample of respondents with a high school education or less and by gender strata. 

At all levels of minimum wage and prior year unemployment, estimates were imprecise, and we did not 

have sufficient evidence to reject the null hypothesis, therefore estimates must be interpreted with 

extreme caution. There were, however, some suggestive findings. Among respondents who did not 

experience any weeks of unemployment in the prior year, higher minimum wages led to lower obesity 

risk. The estimate for a $1 increase in inflation-adjusted minimum wage was a 13% (RR = 0.87, 95% CI = 

0.75, 1.01) reduction in obesity risk. The estimate for a $3 increase in minimum wage was a 34% (RR = 

0.66, 95% CI = 0.42, 1.03) reduction in obesity risk. However, the positive associations with higher 

minimum age were dependent on the number of weeks of unemployment experienced in the prior years. 

Following a full year of unemployment, a $1 increase in inflation-adjusted minimum wage was associated 

with a 11% (RR = 1.11, 95% CI = 0.83, 1.48) higher obesity risk. Similarly, a $3 increase in inflation-

adjusted minimum wage was associated with a 37% (RR= 1.37, 95% CI = 0.57, 3.26) higher obesity risk. 

Figure 1 provides a visual representation of the continuum obesity risk by minimum wage, increased at 

$0.50 intervals, and weeks of prior year unemployment, in 4-week intervals, for those with a high school 

education or less. In gender-stratified models, this relation seemed to be largely driven by men with the 

aforementioned obesity risk gradient observed in men, but no in women (Table 2).  

Table 3 shows the risk of obesity by minimum wage and years of tenure in the full sample of 

workers with a high school education or less and by gender strata. At all levels of minimum wage and 

years of tenure, estimates were imprecise, and there was little difference in obesity risk within or across 

greater years of tenure. Higher minimum wages were associated with lower risk of obesity regardless of 

the number of years of tenure. Among those with 1 year of tenure, a $1 increase in minimum wage was 

associated with a 19% (RR = 0.81, 95% = 0.64, 1.01) lower risk of obesity. In those with 10 years of 

tenure, a $1 increase in minimum wage was associated with a 16% (RR = 0.84, 95% CI = 0.71, 1.00) 
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lower risk of obesity. A visual of the representation of the continuum obesity risk by minimum wage, 

increased at $0.50 intervals, and years of job tenure, at 1-year intervals, for those with a high school 

education or less can be found in Supplementary Figure 4. This relation was similar for both men and 

women (Table 3). 

Moderate psychological distress 

Table 4 provides select estimates of risk of moderate psychological distress by minimum wage 

and weeks of prior year employment for the full sample of respondents with a high school education or 

less and by gender strata. Estimates were imprecise but nevertheless, some patterns emerged. Higher 

minimum wage values were associated with higher risk of moderate psychological distress among 

respondents who did not experience any weeks of unemployment in the prior year. The estimate for a $1 

higher minimum wage was a 16% (RR = 1.16, 95% CI = 0.89, 1.50) increase in risk of moderate 

psychological distress. The estimate for a $3 higher minimum wage was a 54% (RR = 0.71, 95% CI = 

0.71, 3.36) increase in risk of psychological distress. This higher risk of moderate psychological distress 

appeared to increase with greater number of weeks spent unemployed. When experiencing a full year of 

unemployment, a $1 higher minimum wage was associated with a 54% (RR = 1.54, 95% CI = 1.11, 2.14) 

higher risk of psychological distress. A $3 higher minimum wage was associated with 3.65 times the risk 

of psychological distress (RR= 3.65, 95% CI = 1.36, 9.83). Figure 2 provides a visual representation of 

risk of moderate psychological distress by minimum wage, increased at $0.50 intervals, and weeks of 

prior year unemployment, in 4-week intervals, for those with a high school education or less. As with 

obesity, this relation was largely driven by men with risk appearing somewhat similar and less precise 

across levels of minimum wage and unemployment for women (Table 4).  

Table 5 provides the risk of moderate psychological distress by minimum wage and years of 

tenure in the full sample of workers with a high school education or less and by gender strata. At all levels 

of minimum wage and years of tenure, estimates were imprecise, and there was little difference in risk of 

moderate psychological distress within or across greater years of tenure. Among those with 1 year of 

tenure, a $1 increase in minimum wage was associated with a 5% (RR = 1.05, 95% = 0.70 1.57) higher 

risk of moderate psychological distress. In those with 10 years of tenure, a $1 increase in minimum wage 

had no measurable influence on risk of moderate psychological distress (RR = 1.00, 95% CI = 0.71, 
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1.42). A visual of the representation of the continuum risk of risk of moderate psychological distress by 

minimum wage, increased at $0.50 intervals, and years of job tenure, at 1-year intervals, for those with a 

high school education or less can be found in Supplementary Figure 5. As with obesity, this relation was 

similar for both men and women. 

Sensitivity analyses 

 Supplementary Table 2 shows the risk of obesity and moderate psychological distress by 

minimum wage and weeks of unemployment among those respondents with some college education or 

more. Risk of obesity was somewhat elevated among those who had not experienced unemployment in 

the prior year; however, these estimates encompassed the null. There was little difference in risk of 

obesity associated with more weeks spent out of work among the higher educated. With respect to 

moderate psychological distress, risk was higher within but not across weeks of unemployment. 

 Supplementary Table 3 shows the risk of obesity and moderate psychological distress by 

minimum wage and years of tenure among those workers with some college education or more. Risk of 

obesity was somewhat elevated among those who had not experienced unemployment in the prior year; 

however, these estimates encompassed the null. Estimated risk of obesity was identical across weeks 

spent out of work. With respect to moderate psychological distress, there was evidence of elevated risk of 

moderate psychological distress at baseline which decline somewhat with weeks spent out of work. 

Among those with 1 year of tenure, a $1 increase in minimum wage was associated with a 29% (RR = 

1.29, 95% = 1.07, 1.57) higher risk of moderate psychological distress while those experiencing a full year 

of employment had a 17% (RR = 1.17, 95% CI = 0.97, 1.42)  lower risk of moderate psychological 

distress. Note that Supplementary Tables 4 and 5 provide information demographic and socioeconomic 

characteristics for respondents with some college education or more, both unweighted and weighted, for 

the 1999-2017 and 2007-2017 periods, respectively 

Supplementary Table 6 shows the risk of obesity and moderate psychological distress by 

minimum wage and weeks of unemployment directly comparing respondents with a high school education 

or less to those with some college education or more – DDD estimates. As with our primary models, risk 

of obesity declined with higher minimum wage values and increased with greater number of weeks spent 

unemployed. Among those experiencing no unemployment in the prior year, a $1 increase was 
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associated with a 5% (RR = 0.95, 95% CI = 0.87, 1.03) lower risk of obesity in those with a high school 

education or less compared to those with some college education or more. Among those experiencing 

unemployment for a full year, a $1 increase was associated with a 49% (RR = 1.49, 95% CI = 0.82, 2.71) 

higher risk of obesity in those with a high school education or less compared to those with some college 

education or more. For moderate psychological distress, risk also decreased with increasing minimum 

wage and increased with a greater number of weeks spent unemployed. Among those experiencing no 

unemployment in the prior year, a $1 increase was associated with a 11% (RR = 0.89, 95% CI = 0.77, 

1.03) lower risk of moderate psychological distress in those with a high school education or less 

compared to those with some college education or more. Among those experiencing unemployment for a 

full year, a $1 increase was associated with a 37% (RR = 1.37, 95% CI = 1.02, 1.83) increase in risk of 

moderate psychological distress in those with a high school education or less compared to those with 

some college education or more. 

Supplementary Table 7 shows the risk of obesity and moderate psychological distress by 

minimum wage and years of tenure at current employer directly comparing respondents with a high 

school education or less to those with some college education or more. As with our primary models we 

found no evidence of variation in risk of obesity across years of tenure. Likewise, we found no evidence of 

variation in risk of moderate psychological distress across greater tenure.  

Supplementary Table 8 and 9 provide estimates for obesity risk by minimum wage and 

unemployment and minimum wage and tenure, respectively, excluding proxy respondents. Estimates 

were comparable to our primary models. We again find evidence of a variation in risk of obesity across 

weeks of unemployment but not years of tenure. 

Supplementary Table 10 displays estimates for risk obesity and moderate psychological distress 

by tenure excluding those workers with less educated who started their jobs the same year the survey 

was administered. Estimates for both obesity risk and moderate psychological distress concurred with our 

primary findings. There was no evidence of variation in risk in either outcome across year of tenure. 

Finally, out of concern over a potential violation of the parallel trends assumption for moderate 

psychological distress in 2007 and  2009 (Supplementary Figure 1) we ran moderate psychological 

distress models for the full sample and by gender for the years in which we have better support for 



 

 88 

parallel trends for moderate psychological distress – 2011 to 2017. We ran models for both 

unemployment (Supplementary Table 11) and job tenure (Supplementary Table 12). In both sensitivity 

analyses estimates were in agreement with our primary models. 

 

DISCUSSION 

The present study found limited but suggestive evidence that prior unemployment, but not 

employer tenure, may modify the relation between minimum wage and obesity risk. In all models 

evaluating these relations in a population with a high school education or less we found the suggestive 

benefit of minimum wage on obesity was reversed by greater duration of unemployment in the prior year. 

Among persons who had experienced full year unemployment, higher minimum wage led to higher 

obesity risk. Highest risk was found when the state minimum wage was $3 higher than the federal rate.  

Similar patterns were observed for moderate psychological distress. However, unlike obesity, 

there was suggestive evidence that higher minimum wages lead to higher risk of moderate psychological 

distress even when employed for the full, prior year. Among persons who had experienced full year 

unemployment, higher minimum wage led to higher risk of psychological distress. Highest risk of distress 

was found when the state minimum wage was $3 higher than the federal rate. 

Although we were unable to provide conclusive, causal evidence of effect modification by 

employment instability, we nevertheless believe our findings to be hypothesis generating. Evaluations of 

the influence of minimum wage increases on physical and mental health across individual or household 

economic circumstance may represent a fruitful avenue for research. Although there is little evidence that 

the relation between minimum wage, obesity, and moderate psychological distress is modified by 

employer tenure, we believe the modifying role or prior unemployment remains an open question. This 

avenue of research is  particularly timely as governments worldwide seek to improve the long-term health 

and economic impacts ushered in by the present public health crisis through innovative policies targeted 

at individuals and households. 

Our lack of definitive findings with respect to the relation between minimum wage, employment 

instability, and obesity is in line with the current body of evidence evaluating minimum wage and obesity 

which finds inconclusive evidence to support a consistent relation.3,20 The uncertainty surrounding the 
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association between minimum wage and obesity may stem from the complex etiology of the disease, 

which is influenced not only by socioeconomic factors, but demographics, genetics, behavior, the 

environment, and more.120 There is also no existing evidence, at present, to support that higher minimum 

wages improve energy balance pathways, such as increasing fruit and vegetable consumption or physical 

activity levels.17,21,71  

In addition, there is a body of work that finds income-obesity relation differs across gender and 

education, which warrants further investigation into the implications for minimum wage research.36 One 

could also argue that the risk imposed by socioeconomic factors on obesity is may not be primarily a 

function of income but may be more influenced by socioeconomic position, which that is better captured 

by assets and access to resources. Indeed, some studies no longer use income as the principal measure 

of socioeconomic status.47,121 

Finally, the influence of macroeconomic conditions, such as the high unemployment rate 

observed during the COVID-19 pandemic, on health outcomes, such as obesity, remains unclear, with 

some studies finding no association,122,123 while others find, counterintuitively, some health benefit.124 

Should our suggestive finding of modification of the minimum wage-obesity relation by unemployment be 

confirmed, it would concordant with work conducted by researchers in Seattle who found that the labor 

market benefits of a city-wide minimum wage increase accrued primarily among more experienced, stably 

employed workers.109 

Our results with respect to the influence of employment instability on the relation between 

minimum wage and moderate psychological distress are in line with broader work evaluating the influence 

of employment instability, macroeconomic conditions, precarity, and economic insecurity on mental well-

being.38,45,106,98–105 However, we observed higher risk of moderate psychological distress across all levels 

of unemployment in both the less and higher educated. It is worth noting that the period encompassing 

our evaluation of moderate psychological distress is limited, spanning 6 waves of data between 2007-

2017, which encapsulate the first 2 years of the Great Recession and the period immediately after. The 

evaluations of the Great Recession have noted that it has had a profound influence on mental health.125 

Those with higher educational attainment may be particularly impacted should they feel a loss of control 

and work-related stressors in jobs they feel are below their educational or experience level.125 However, 
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our DDD model comparison provides suggestive evidence that, relative to the higher educated, those with 

a high school degree or less had lower risk of moderate psychological distress.  

The overall finding of increasing risk of moderate psychological distress across greater 

unemployment experience was in line with our hypothesis and are driven by less-educated men and who 

experienced unemployment. This relation may be reflective of the decline in job opportunities for less-

educated men over the last decade.98 These results may also be partially explained by the importance of 

work in terms of male identity and the need to provide for others that men may feel more acutely than 

women.119 Moreover, men may be more likely to consider stable employment their normative role.119  

There is also evidence to suggest that instability in one aspect of life begets further instability.97,98 For 

example, less-educated men experiencing employment instability are less likely to find or maintain 

romantic partnerships, which may have implications for their mental wellbeing as well as future household 

earning potential.98  

 This study had several key strengths. First, to our knowledge, this study represents one of the 

first to investigate how the association between minimum wage and physical and mental health is 

influence by individual-level economic circumstances. We build off prior work which has examined the 

influence of state-level economic circumstances on the minimum wage-health relation.29 Second, we 

leveraged a retrospective cohort design which, along with Poisson models, allowed us to longitudinally 

evaluate dynamic changes in economic factors as well as estimate risk of obesity and moderate 

psychological distress. Third, similar to several recent studies,3,20 we employed both a DD and DDD 

strategy to further account for any unobserved time- and state-varying confounding.  

 This study also had several notable limitations. First, our precision was limited by several factors: 

limitations in the years the K-6 module was asked to participants, sample restrictions, interactions, and 

the number of subgroup models employed. Second, all health outcome and employment are self-reported 

with heads of household reporting on behalf their spouse/domestic partner. While we were able to 

determine that proxy responses for height and weight had relatively little impact on our obesity estimates, 

employment and mental health are highly sensitive topics and personal topics. Therefore, we cannot 

completely rule out bias due to poor recall or social desirability bias. Third, we were unable to investigate 

differences among married and unmarried men and women due to sample size limitations; however, we 
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believe this warrants further study given the associations between economic insecurity and family 

dynamics.98 Married women are also the one of the only groups to experience improvements in job tenure 

over the last decade.97 Fourth, we were unable to examine tenure at a specific job or role which may be 

more unstable than time at a specific employer. Moreover, our measure of tenure captures the full extent 

of the time spent at a given employer during a respondent’s lifetime and is sensitivity to timing. As an 

example, a seasonal worker spends 4 months of each year at a given job over a period of a 3 years could 

be classified the same as a worker who spent 1 continuous year at an employer. Fifth, as with all quasi-

experiential study designs, we cannot rule out the potential for unmeasured confounding. Sixth, while we 

took care to test the parallel trends assumption with respect to our employment stability variables and to 

make sure that they temporally preceded minimum wage increases, we cannot rule out the influence of 

minimum wage policies on employment and health in prior periods. Lastly, it should be noted that our 

findings with respect to obesity may have limited generalizability outside the US population or developed 

nations. There is suggestive evidence that the relation between income and obesity resembles a U-

shaped Kuznets curve which show that as per capita income or gross domestic product rises obesity rises 

until a certain level of economic development where it then levels off or falls.112 However, evaluations of 

minimum wage increases in low- and middle-income countries have found that higher wage policies were 

an effective strategy in reducing obesity in women.32,126  

The present study found suggestive and imprecise evidence that higher minimum wage rates 

coupled with greater duration of prior year unemployment were associated with the greater risk of obesity 

and moderate psychological distress. Although we were unable to provide conclusive, causal evidence of 

effect modification by employment instability, we believe these findings highlight the importance of 

examining the economic circumstances of individuals when evaluating the relation between social and 

income policies and health. These conclusions are particularly timely as the US debates a federal 

minimum wage increase and as governments worldwide seek to ameliorate the long-term health and 

economic impacts ushered in by the current public health crisis through innovative policies targeted at 

individuals, households, and businesses. Future work should examine how other aspects of, as well as 

cumulative exposure to, employment instability and, to a greater extent, economic insecurity  influences 
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the relation between minimum wage and incident as was as recurrent physical and mental health 

outcomes.
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Table 1. Sample characteristics at first observation for the full sample for those with a high school 
education or less, 1999 to 2017 
Characteristics Unweighted Weighted 
Sample size, individuals 7,017 4,214 

Person-years, n 86,220 56,700 
Number of observations per individual, mean (SD) 6.1 (2.9) 7.9 (2.4) 

Demographics     
Age (years), mean (SD) 35.9 (9.8) 37.4 (7.7) 
Women, % 50.3 51.4 
Persons of color, % 53.2 35.2 
Married, % 55.2 55.4 

Education and employment     
Average years of education (years), mean (SD) 11.4 (1.4) 11.4 (1.1) 
Current employment status, %a     

Employed 77.9 80.5 
Unemployedb 11.0 8.8 
Not in labor force 11.0 10.8 

Experienced any weeks unemployed, past year, % 15.3 13.5 
Number of weeks unemployed, past year, mean (SD)a 20.7 (16.6) 17.9 (12.2) 

Tenure at current employer (years), mean (SD)b 6.5 (7.2) 7.3 (5.6) 
Health outcomes     

Obesity 26.8  24.7  
Moderate psychological distressc 32.7  29.7  

n = sample size, SD = standard deviation 
Source: Authors’ calculation using the Panel Study of Income Dynamics 
Note: All percentages calculated using the number of unique individuals.  
aOnly calculated for those who experienced any weeks of unemployment in the past year 
bOnly calculated for those currently employed 
cCalculated using only the 2007-2017 PSID survey waves
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Table 2. Risk of obesity by minimum wage and prior year unemployment in those with a high school education or less 
  Weeks of unemployment, past year 
  0 weeks 24 weeks 52 weeks 
Minimum wage (State - Federal) RR 95% CI RR 95% CI RR 95% CI 
Overall             

$1.00  0.87 (0.75, 1.01) 0.97 (0.81, 1.18) 1.11 (0.83, 1.48) 
$2.00  0.76 (0.56,1.02) 0.95 (0.65, 1.39) 1.23 (0.69, 2.20) 
$3.00  0.66 (0.42, 1.04) 0.93 (0.53, 1.63) 1.37 (0.57, 3.26) 

By gender             
Women             

$1.00  0.93 (0.79, 1.10) 0.94 (0.75, 1.19) 0.96 (0.62, 1.47) 
$2.00  0.87 (0.62, 1.22) 0.89 (0.56, 1.42) 0.92 (0.39, 2.16) 
$3.00  0.81 (0.49, 1.35) 0.84 (0.42, 1.68) 0.88 (0.24, 3.18) 

Men             
$1.00  0.80 (0.63, 1.01) 0.99 (0.76, 1.29) 1.27 (0.85, 1.92) 
$2.00  0.64 (0.40, 1.01) 0.98 (0.58, 1.67) 1.62 (0.72, 3.67) 
$3.00  0.51 (0.26, 1.02) 0.97 (0.44, 2.16) 2.07 (0.61, 7.04) 

RR = risk ratio, CI = confidence interval 

Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 

Notes: Estimates generated using a differences-in-differences model using modified Poisson regression. Educational attainment measured at baseline. Reference 

group for RR calculations is $0.00 or a state minimum wage equal to the federal minimum wage rate. Sample size is 44,608 person-years for the full sample, 

22,798 person-years for women and 21,810 person-years for men. Models are adjusted for age, gender, marital status, race/ethnicity, state gross product, whether 

the state has a refundable EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) 

state allows for the application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy 

indicator based on 1) Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for 

non-citizens, 4) state expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a family of four, the percentage of residents who are 

in a union, and state and year fixed effects.  

* p <0.05, ** p <0.01, *** p <0.001
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Figure 1. Risk of obesity by minimum wage and prior year unemployment in those with high school education or less 

 
Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 

Notes: Estimates generated using a differences-in-differences model using modified Poisson regression. Educational attainment measured at baseline. Reference 

group for RR calculations is $0.00 or a state minimum wage equal to the federal minimum wage rate. Sample size is 44,608 person years and spans the biannual 

PSID survey waves from 1999 to 2017. Models are adjusted for age, gender, marital status, race/ethnicity, state gross product, whether the state has a refundable 

EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) state allows for the 

application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy indicator based on 1) 

Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for non-citizens, 4) state 

expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a family of four, the percentage of residents who are in a union, and state 

and year fixed effects. 
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Table 3. Risk of obesity by minimum wage and years of tenure at current employer in workers with a high school education or less 
   Years of tenure, current employer 
  1 year 5 years 10 years 
Minimum wage (State - Federal) RR 95% CI RR 95% CI RR 95% CI 
Overall             

$1.00  0.81 (0.64, 1.01) 0.82 (0.68, 1.00) 0.84 (0.71, 1.00) 
$2.00  0.65 (0.42, 1.01) 0.68 (0.46, 1.00) 0.71 (0.50, 1.00) 
$3.00  0.52 (0.27, 1.02) 0.56 (0.31, 1.00) 0.60 (0.36, 1.01) 

By gender             
Women             

$1.00  0.86 (0.66, 1.12) 0.84 (0.66, 1.07) 0.82 (0.65, 1.04) 
$2.00  0.74 (0.44, 1.24) 0.71 (0.44, 1.14) 0.68 (0.43, 1.07) 
$3.00  0.63 (0.29, 1.39) 0.60 (0.29, 1.21) 0.56 (0.28, 1.11) 

Men             
$1.00  0.76 (0.55, 1.04) 0.79 (0.59, 1.06) 0.82 (0.63, 1.08) 
$2.00  0.57 (0.30, 1.08) 0.62 (0.34, 1.11) 0.68 (0.40, 1.16) 
$3.00  0.43 (0.17, 1.13) 0.49 (0.20, 1.17) 0.56 (0.25, 1.25) 

RR = risk ratio, CI = confidence interval 

Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 

Notes: Estimates generated using a differences-in-differences model using modified Poisson regression. Educational attainment measured at baseline. Reference 

group for RR calculations is $0.00 or a state minimum wage equal to the federal minimum wage rate. Sample size is 29,804 person-years for the full sample, 

14,632 person-years for women and 15,172 person-years for men. Models are adjusted for age, gender, marital status, race/ethnicity, state gross product, whether 

the state has a refundable EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) 

state allows for the application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy 

indicator based on 1) Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for 

non-citizens, 4) state expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a family of four, the percentage of residents who are 

in a union, and state and year fixed effects.  

* p <0.05, ** p <0.01, *** p <0.001 
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Table 4. Risk of moderate psychological distress by minimum wage and prior year unemployment in those with high school education or less 
  Weeks of unemployment, past year 
  0 weeks 24 weeks 52 weeks 
Minimum wage (State – Federal) RR 95% CI RR 95% CI RR 95% CI 
Overall             

$1.00  1.16 (0.89, 1.50) 1.32* (1.02, 1.71) 1.54* (1.11, 2.14) 
$2.00  1.34 (0.80, 2.24) 1.74* (1.04, 2.93) 2.37* (1.23, 4.59) 
$3.00  1.54 (0.71, 3.36) 2.30* (1.06, 5.00) 3.65* (1.36, 9.83) 

By gender             
Women             

$1.00  1.14 (0.84, 1.56) 1.19 (0.80, 1.77) 1.24 (0.65, 2.38) 
$2.00  1.31 (0.70, 2.44) 1.41 (0.63, 3.13) 1.54 (0.42, 5.67) 
$3.00  1.50 (0.59, 3.82) 1.68 (0.51, 5.55) 1.91 (0.27, 13.50) 

Men             
$1.00  1.17 (0.83, 1.65) 1.37 (0.99, 1.89) 1.64** (1.16, 2.34) 
$2.00  1.38 (0.69, 2.73) 1.88 (0.99, 3.57) 2.70** (1.34, 5.47) 
$3.00  1.61 (0.58, 4.51) 2.57 (0.98, 6.73) 4.44** (1.54, 12.8) 

RR = risk ratio, CI = confidence interval 

Source: Authors’ calculation using the 2007 to 2017 Panel Study of Income Dynamics 

Notes: Estimates generated using a differences-in-differences model using modified Poisson regression. Educational attainment measured at baseline. Reference 

group for RR calculations is $0.00 or a state minimum wage equal to the federal minimum wage rate. Sample size is 14,726 person-years for the full sample, 9,898 

person-years for women and 8,902 person-years for men. Models are adjusted for age, gender, marital status, race/ethnicity, state gross product, whether the 

state has a refundable EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) 

state allows for the application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy 

indicator based on 1) Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for 

non-citizens, 4) state expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a family of four, the percentage of residents who are 

in a union, and state and year fixed effects.  

* p <0.05, ** p <0.01, *** p <0.001
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Figure 2. Risk of moderate psychological distress by minimum wage and prior year unemployment in those with a high school education or less 

 
Source: Authors’ calculation using the 2007 to 2017 Panel Study of Income Dynamics 

Notes: Estimates generated using a differences-in-differences model using modified Poisson regression. Educational attainment measured at baseline. Reference 

group for RR calculations is $0.00 or a state minimum wage equal to the federal minimum wage rate. Sample size is 14,726 person years and spans the biannual 

PSID survey waves from 2007-2017. Models are adjusted for age, gender, marital status, race/ethnicity, state gross product, whether the state has a refundable 

EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) state allows for the 

application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy indicator based on 1) 

Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for non-citizens, 4) state 

expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a family of four, the percentage of residents who in a union, and state and 

year fixed effects. 
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Table 5. Risk of moderate psychological distress by minimum wage and tenure at current employer in workers with a high school education or less 
   Years of tenure, current employer 
  1 year 5 years 10 years 
Minimum wage (State – Federal) RR 95% CI RR 95% CI RR 95% CI 
Overall             

$1.00  1.05 (0.70, 1.57) 1.03 (0.71, 1.49) 1.00 (0.71, 1.42) 
$2.00  1.10 (0.49, 2.45) 1.06 (0.50, 2.22) 1.01 (0.51, 2.02) 
$3.00  1.15 (0.34, 3.85) 1.09 (0.36, 3.30) 1.01 (0.36, 2.87) 

By gender             
Women             

$1.00  0.94 (0.61, 1.46) 0.94 (0.63, 1.40) 0.93 (0.64, 1.34) 
$2.00  0.89 (0.37, 2.13) 0.88 (0.39, 1.95) 0.86 (0.41, 1.80) 
$3.00  0.84 (0.23, 3.12) 0.82 (0.25, 2.72) 0.80 (0.26, 2.41) 

Men             
$1.00  1.13 (0.66, 1.95) 1.12 (0.68, 1.86) 1.11 (0.68, 1.80) 
$2.00  1.28 (0.43, 3.79) 1.26 (0.46, 3.45) 1.22 (0.46, 3.23) 
$3.00  1.45 (0.29, 7.38) 1.41 (0.31, 6.41) 1.35 (0.31, 5.81) 

RR = risk ratio, CI = confidence interval 

Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 

Notes: Estimates generated using a differences-in-differences model using modified Poisson regression. Educational attainment measured at baseline. Reference 

group for RR calculations is $0.00 or a state minimum wage equal to the federal minimum wage rate. Sample size is 9,898 person-years for the full sample, 5,962 

person-years for women and 3,936 person-years for men. Models are adjusted for age, gender, marital status, race/ethnicity, state gross product, whether the 

state has a refundable EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) 

state allows for the application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy 

indicator based on 1) Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for 

non-citizens, 4) state expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a family of four, the percentage of residents who are 

in a union, and state and year fixed effects.  

* p <0.05, ** p <0.01, *** p <0.001 
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Supplementary Figure 1. Prevalent obesity and moderate psychological distress by minimum wage for those with a high school education or less 

 
Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 

Note: Prevalence estimates are unweighted.
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Supplementary Figure 2. Prior year unemployment and weeks unemployed by minimum wage for those with a high school education or less 

 
Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 

Note: The prevalence estimates for unemployment is unweighted. Mean number of weeks unemployed in prior year included those who experienced 0 weeks of 

unemployment.
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Supplementary Figure 3. Mean years of tenure at current employer by minimum wage for those with a high school education or less 

 
Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 

Note: The prevalence estimate for unemployment is unweighted. 0 indicates a tenure of <1 year.
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Supplementary Figure 4. Risk of obesity by minimum wage and tenure at current employer in workers with a high school education or less 

 
Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 

Notes: Estimates generated using a differences-in-differences model using modified Poisson regression. Educational attainment measured at baseline. Reference 

group for RR calculations is $0.00 or a state minimum wage equal to the federal minimum wage rate. Sample size is 29,804 person-years for the full sample and 

spans the 1999 to 2017 biannual PSID survey waves. Models are adjusted for age, gender, marital status, race/ethnicity, state gross product, whether the state 

has a refundable EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) state 

allows for the application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy 

indicator based on 1) Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for 

non-citizens, 4) state expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a family of four, the percentage of residents who are 

in a union, and state and year fixed effects. 
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Supplementary Figure 5. Risk of moderate psychological distress by minimum wage and years of tenure at current employer in workers with a 
high school education or less 

 
Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 

Notes: Estimates generated using a differences-in-differences model using modified Poisson regression. Educational attainment measured at baseline. Reference 

group for RR calculations is $0.00 or a state minimum wage equal to the federal minimum wage rate. Sample size is 9,898 person-years for the full sample and 

spans the 2007-2017 biannual PSID survey waves. Models are adjusted for age, gender, marital status, race/ethnicity, state gross product, whether the state has a 

refundable EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) state allows for 

the application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy indicator based on 

1) Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for non-citizens, 4) 

state expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a family of four, the percentage of residents who are in a union, and 

state and year fixed effects. 
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Supplemental Table 1. Sample characteristics at first observation for the full sample for those with a high 
school education or less, 2007 to 2017 
Characteristics Unweighted Weighted 
Sample size, individuals 5,833 3,692 

Person-years, n 26,633 17,721 
Number of observations per individual, mean (SD) 4.6 (1.5) 5.2 (1.2) 

Demographics     
Age (years), mean (SD) 39.1 (11.1) 41.4 (8.0) 
Women, % 51.6 51.8 
Persons of color, % 55.1 36.7 
Married, % 54.4 54.5 

Education and employment     
Average years of education (years), mean (SD) 11.5 (1.4) 11.5 (1.1) 
Current employment status, %a     

Employed 74.6 76.4 
Unemployedb 11.4 8.9 
Not in labor force 14.1 14.7 

Experienced any weeks unemployed, past year, % 14.1 11.0 
Number of weeks unemployed, past year, mean (SD)a 24.4 (17.8) 21.0 (13.8) 

Tenure at current employer (years), mean (SD)b 7.5 (8.2) 8.1 (6.0) 
Health outcomes     

Obesity 17.9  13.4  
Moderate psychological distressc 32.7  29.7  

n = sample size, SD = standard deviation 
Source: Authors’ calculation using the Panel Study of Income Dynamics 
Note: All percentages calculated using the number of unique individuals.  
aOnly calculated for those who experienced any weeks of unemployment in the past year 
bOnly calculated for those currently employed 
cCalculated using only the 2007 to 2017 PSID survey waves 
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Supplementary Table 2. Risk of obesity and moderate psychological distress by minimum wage and prior year unemployment in those with some 
college education or more 
  Weeks of unemployment, past year 
  0 weeks 24 weeks 52 weeks 
Minimum wage (State - Federal)  RR 95% CI RR 95% CI RR 95% CI 
Obesity             

$1.00  1.09 (0.96, 1.24) 1.03 (0.76, 1.39) 0.96 (0.55, 1.69) 
$2.00  1.18 (0.91, 1.53) 1.05 (0.58, 1.92) 0.92 (0.30, 2.84) 
$3.00  1.29 (0.87, 1.89) 1.08 (0.44, 2.66) 0.88 (0.16, 4.79) 

Moderate psychological distressa             
$1.00  1.17* (1.02, 1.36) 1.17 (0.96, 1.42) 1.16 (0.80, 1.68) 
$2.00  1.37* (1.03, 1.84) 1.36 (0.92, 2.01) 1.34 (0.63, 2.83) 
$3.00  1.62* (1.05, 2.49) 1.59 (0.88, 2.85) 1.55 (0.51, 4.76) 

RR = risk ratio, CI = confidence interval 

Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 

Notes: Estimates generated using a differences-in-differences model using modified Poisson regression. Educational attainment measured at baseline. Reference 

group for RR calculations is $0.00 or a state minimum wage equal to the federal minimum wage rate. Models are adjusted for age, gender, marital status, 

race/ethnicity, state gross product, whether the state has a refundable EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the 

state are fully eligible for SNAP benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based 

categorical eligibility to, a Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents above 

median, 3) state has Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a family of 

four, the percentage of residents who are in a union, and state and year fixed effects.  
a The Kessler 6-item module (K-6) was not asked in 2005, analyses restricted to 2007 to 2017 when the Kessler-6 item module was asked continuously  

* p <0.05, ** p <0.01, *** p <0.001
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Supplementary Table 3. Risk of obesity and moderate psychological distress by minimum wage and years of tenure at current employer in 
workers with some college education or more 
  Years of tenure, current employer 
  1 year 5 years 10 years 
Minimum wage (State - Federal) RR 95% CI RR 95% CI RR 95% CI 
Obesity             

$1.00  1.08 (0.91, 1.28) 1.08 (0.92, 1.26) 1.08 (0.93, 1.25) 
$2.00  1.16 (0.83, 1.63) 1.16 (0.85, 1.59) 1.16 (0.86, 1.57) 
$3.00  1.25 (0.75, 2.07) 1.25 (0.78, 2.00) 1.25 (0.79, 1.96) 

Moderate psychological distressa             
$1.00  1.29** (1.07, 1.57) 1.24* (1.03, 1.49) 1.17 (0.97, 1.42) 
$2.00  1.68** (1.15, 2.45) 1.54* (1.07, 2.22) 1.38 (0.94, 2.02) 
$3.00  2.17** (1.23, 3.84) 1.91* (1.10, 3.30) 1.62 (0.91, 2.88) 

RR = risk ratio, CI = confidence interval 

Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 

Notes: Estimates generated using a differences-in-differences model using modified Poisson regression. Educational attainment measured at baseline. Reference 

group for RR calculations is $0.00 or a state minimum wage equal to the federal minimum wage rate. Models are adjusted for age, gender, marital status, 

race/ethnicity, state gross product, whether the state has a refundable EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the 

state are fully eligible for SNAP benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based 

categorical eligibility to, a Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents above 

median, 3) state has Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a family of 

four, the percentage of residents who are in a union, and state and year fixed effects.  
a The Kessler 6-item module (K-6) was not asked in 2005, analyses restricted to 2007 to 2017 when the Kessler-6 item module was asked continuously  

* p <0.05, ** p <0.01, *** p <0.00
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Supplemental Table 4. Sample characteristics at first observation for the full sample for those with some 
college education or more, 1999-2017 
Characteristics Unweighted Weighted 
Sample size, individuals 8,178 4,764 

Person-years, n 98,228 59,896 
Number of observations per individual, mean (SD) 6.0 (2.8) 7.5 (2.5) 

Demographics     
Age (years), mean (SD) 34.9 (9.8) 36.4 (7.1) 
Women, % 53.5 51.2 
Persons of color, % 36.4 21.4 
Married, % 61.4 57.0 

Education and employment     
Average years of education (years), mean (SD) 15.1 (1.4) 15.3 (0.9) 
Current employment status, %a     

Employed 87.2 88.4 
Unemployedb 4.7 4.2 
Not in labor force 8.1 7.3 

Experienced any weeks unemployed, past year, % 9.0 8.5 
Number of weeks unemployed, past year, mean (SD)a 16.3 (14.5) 14.7 (9.9) 

Tenure at current employer (years), mean (SD)b 6.0 (6.7) 6.5 (4.9) 
Health outcomes     

Obesity 20.7  18.3  
Moderate psychological distressc 24.7  23.0  

n = sample size, SD = standard deviation 
Source: Authors’ calculation using the Panel Study of Income Dynamics 
Note: All percentages calculated using the number of unique individuals.  
aOnly calculated for those who experienced any weeks of unemployment in the past year 
bOnly calculated for those currently employed 
cCalculated using only the 2007 to 2017 PSID survey waves 
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Supplemental Table 5. Sample characteristics at first observation for the full sample for those with some 
college education or more, 2007-2017 
Characteristics Unweighted Weighted 
Sample size, individuals 7,209 4,357 

Person-years, n 32,388 19,991 
Number of observations per individual, mean (SD) 4.5 (1.5) 5.1 (1.2) 

Demographics     
Age (years), mean (SD) 37.6 (11.2) 40.0 (7.8) 
Women, % 54.5 51.6 
Persons of color, % 36.9 21.9 
Married, % 62.5 60.3 

Education and employment     
Average years of education (years), mean (SD) 15.1 (1.4) 15.3 (0.9) 
Current employment status, %a     

Employed 86.0 85.9 
Unemployedb 5.0 4.7 
Not in labor force 9.1 9.4 

Experienced any weeks unemployed, past year, % 8.1 7.4 
Number of weeks unemployed, past year, mean (SD)a 18.1 (15.6) 16.4 (10.3) 

Tenure at current employer (years), mean (SD)b 6.6 (7.3) 7.3 (5.2) 
Health outcomes     

Obesity 14.9  10.0  
Moderate psychological distressc 24.7  23.0  

n = sample size, SD = standard deviation 
Source: Authors’ calculation using the Panel Study of Income Dynamics 
Note: All percentages calculated using the number of unique individuals.  
aOnly calculated for those who experienced any weeks of unemployment in the past year 
bOnly calculated for those currently employed 
cCalculated using only the 2007 to 2017 PSID survey waves 
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Supplementary Table 6. Risk of obesity and moderate psychological distress by minimum wage and prior year unemployment comparing those 
with a high school education or less to those with some college education or more 
  Weeks of unemployment, past year 
  0 weeks 24 weeks 52 weeks 
Minimum wage (State - Federal)  RR 95% CI RR 95% CI RR 95% CI 
Obesity             

$1.00  0.95 (0.87, 1.03) 1.17 (0.88, 1.55) 1.49 (0.82, 2.71) 
$2.00  0.90 (0.75, 1.07) 1.36 (0.77, 2.41) 2.22 (0.67, 7.32) 
$3.00  0.85 (0.65, 1.10) 1.59 (0.67, 3.75) 3.30 (0.55, 19.81) 

Moderate psychological distressa             
$1.00  0.89 (0.77, 1.03) 1.09 (0.91, 1.30) 1.37* (1.02, 1.83) 
$2.00  0.80 (0.60, 1.06) 1.18 (0.83, 1.69) 1.87* (1.05, 3.35) 
$3.00  0.72 (0.46, 1.09) 1.29 (0.76, 2.20) 2.56* (1.07, 6.12) 

Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 
Notes: Estimates generated using a differences-in-difference-in-differences model using modified Poisson regression. Educational attainment measured at 
baseline. Reference group for RR calculations is $0.00 or a state minimum wage equal to the federal minimum wage rate in those with ≥some college education. 
Models are adjusted for age, gender, marital status, race/ethnicity, state gross product, whether the state has a refundable EITC program, state sales tax rate, a 
SNAP policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) state allows for the application of SNAP online, 3) state has any 
SNAP ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy indicator based on 1) Medicaid eligibility limits for children above 
median, 2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the 
Affordable Care Act, state TANF benefit for a family of four, the percentage of residents who are in a union, and state and year fixed effects.  
a The Kessler 6-item module (K-6) was not asked in 2005, analyses restricted to 2007-2017 when the Kessler-6 item module was asked continuously  
* p <0.05, ** p <0.01, *** p <0.001 
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Supplementary Table 7. Risk of obesity and moderate psychological distress by minimum wage and years of tenure at current employer 
comparing those with high school education or less to those with some college education or more 
  Years of tenure, current employer 
  1 year 5 years 10 years 
Minimum wage (State - Federal) RR 95% CI RR 95% CI RR 95% CI 
Obesity             

$1.00  0.92 (0.8, 1.05) 0.93 (0.85, 1.03) 0.96 (0.88, 1.04) 
$2.00  0.84 (0.64, 1.09) 0.87 (0.72, 1.06) 0.92 (0.78, 1.08) 
$3.00  0.77 (0.51, 1.15) 0.82 (0.61, 1.1) 0.88 (0.69, 1.13) 

Moderate psychological distressa             
$1.00  0.88 (0.71, 1.1) 0.90 (0.75, 1.07) 0.92 (0.76, 1.1) 
$2.00  0.78 (0.5, 1.2) 0.81 (0.57, 1.15) 0.84 (0.58, 1.22) 
$3.00  0.68 (0.36, 1.32) 0.72 (0.43, 1.23) 0.77 (0.44, 1.35) 

Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 
Notes: Estimates generated using a differences-in-difference-in-differences model using modified Poisson regression. Educational attainment measured at 
baseline. Reference group for RR calculations is $0.00 or a state minimum wage equal to the federal minimum wage rate in those with ≥some college education. 
Models are adjusted for age, gender, marital status, race/ethnicity, state gross product, whether the state has a refundable EITC program, state sales tax rate, a 
SNAP policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) state allows for the application of SNAP online, 3) state has any 
SNAP ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy indicator based on 1) Medicaid eligibility limits for children above 
median, 2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the 
Affordable Care Act, state TANF benefit for a family of four, the percentage of residents who are in a union, and state and year fixed effects.  
a The Kessler 6-item module (K-6) was not asked in 2005, analyses restricted to 2007 to 2017 when the Kessler-6 item module was asked continuously  
* p <0.05, ** p <0.01, *** p <0.001 
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Supplementary Table 8. Risk of obesity by minimum wage and prior year unemployment in those with high school education or less excluding 
proxy responses 
  Weeks of unemployment, past year 
  0 weeks 24 weeks 52 weeks 
Minimum wage (State - Federal) RR 95% CI RR 95% CI RR 95% CI 

$1.00  0.89 (0.73, 1.08) 0.99 (0.78, 1.27) 1.14 (0.76, 1.69) 
$2.00  0.79 (0.53, 1.16) 0.99 (0.61, 1.60) 1.29 (0.58, 2.85) 
$3.00  0.70 (0.39, 1.26) 0.98 (0.47, 2.02) 1.46 (0.44, 4.81) 

RR = risk ratio, CI = confidence interval 
Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 
Notes: Estimates generated using a differences-in-differences model using modified Poisson regression. Educational attainment measured at baseline. Reference 
group for RR calculations is $0.00 or a state minimum wage equal to the federal minimum wage rate. Sample size is Models are adjusted for age, gender, marital 
status, race/ethnicity, state gross product, whether the state has a refundable EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens 
in the state are fully eligible for SNAP benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-
based categorical eligibility to, a Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents 
above median, 3) state has Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a 
family of four, the percentage of residents who are in a union, and state and year fixed effects.  
* p <0.05, ** p <0.01, *** p <0.001 
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Supplementary Table 9. Risk of obesity by minimum wage and tenure at current employer in those with high school education or less excluding 
proxy responses 
  Years of tenure, current employer 
  1 year 5 years 10 years 
Minimum wage (State - Federal) RR 95% CI RR 95% CI RR 95% CI 

$1.00  0.76* (0.58, 0.99) 0.78 (0.61, 1.01) 0.81 (0.64, 1.03) 
$2.00  0.58* (0.34, 0.99) 0.61 (0.37, 1.01) 0.66 (0.41, 1.06) 
$3.00  0.44* (0.20, 0.98) 0.48 (0.23, 1.02) 0.54 (0.26, 1.10) 

RR = risk ratio, CI = confidence interval 
Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 
Notes: Estimates generated using a differences-in-differences model using modified Poisson regression. Educational attainment measured at baseline. Reference 
group for RR calculations is $0.00 or a state minimum wage equal to the federal minimum wage rate. Models are adjusted for age, gender, marital status, 
race/ethnicity, state gross product, whether the state has a refundable EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the 
state are fully eligible for SNAP benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based 
categorical eligibility to, a Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents above 
median, 3) state has Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a family of 
four, the percentage of residents who are in a union, and state and year fixed effects.  
* p <0.05, ** p <0.01, *** p <0.001 
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Supplementary Table 10. Risk of obesity by minimum and tenure at current employer in those with a high school education or less excluding 
those workers who started their job in the same year the survey was administered 
  Years of tenure, current employer 
  1 year 5 years 10 years 
Minimum wage (State - Federal) RR 95% CI RR 95% CI RR 95% CI 
Obesity             

$1.00  0.80 (0.61, 1.05) 0.82 (0.65, 1.04) 0.86 (0.70, 1.05) 
$2.00  0.63 (0.37, 1.09) 0.68 (0.42, 1.09) 0.73 (0.49, 1.11) 
$3.00  0.50 (0.22, 1.14) 0.56 (0.27, 1.14) 0.63 (0.34, 1.17) 

Moderate psychological distress             
$1.00  1.02 (0.67, 1.55) 1.02 (0.70, 1.49) 1.02 (0.72, 1.45) 
$2.00  1.03 (0.45, 2.39) 1.03 (0.48, 2.21) 1.04 (0.51, 2.09) 
$3.00  1.05 (0.30, 3.69) 1.05 (0.34, 3.30) 1.06 (0.37, 3.03) 

RR = risk ratio, CI = confidence interval 
Source: Authors’ calculation using the 1999 to 2017 Panel Study of Income Dynamics 
Notes: Estimates generated using a differences-in-differences model using modified Poisson regression. Educational attainment measured at baseline. Reference 
group for RR calculations is $0.00 or a state minimum wage equal to the federal minimum wage rate. Models are adjusted for age, gender, marital status, 
race/ethnicity, state gross product, whether the state has a refundable EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the 
state are fully eligible for SNAP benefits, 2) state allows for the application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based 
categorical eligibility to, a Medicaid policy indicator based on 1) Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents above 
median, 3) state has Medicaid program for non-citizens, 4) state expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a family of 
four, the percentage of residents who are in a union, and state and year fixed effects.  
* p <0.05, ** p <0.01, *** p <0.00
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Supplementary Table 11. Risk of moderate psychological distress by minimum wage and prior year unemployment in those with high school 
education or less restricted to 2011 to 2017 
  Weeks of unemployment, past year 
  0 weeks 24 weeks 52 weeks 
Minimum wage (State - Federal) RR 95% CI RR 95% CI RR 95% CI 
Overall             

$1.00  1.15 (0.87, 1.51) 1.30 (1.00, 1.7) 1.48* (1.06, 2.06) 
$2.00  1.32 (0.75, 2.29) 1.70 (1.00, 2.89) 2.19* (1.13, 4.24) 
$3.00  1.51 (0.66, 3.47) 2.21 (0.99, 4.92) 3.24* (1.21, 8.72) 

By gender             
Women             

$1.00  1.12 (0.82, 1.52) 1.13 (0.72, 1.78) 1.14 (0.53, 2.46) 
$2.00  1.26 (0.68, 2.33) 1.28 (0.52, 3.18) 1.31 (0.28, 6.07) 
$3.00  1.41 (0.56, 3.55) 1.45 (0.37, 5.67) 1.49 (0.15, 14.95) 

Men             
$1.00  1.15 (0.75, 1.76) 1.44 (1.00, 2.09) 1.81** (1.24, 2.66) 
$2.00  1.32 (0.57, 3.09) 2.08 (0.99, 4.39) 3.29** (1.53, 7.06) 
$3.00  1.52 (0.42, 5.42) 3.01 (0.99, 9.19) 5.97** (1.90, 18.75) 

RR = risk ratio, CI = confidence interval 
Source: Authors’ calculation using the Panel Study of Income Dynamics 
Notes: Estimates generated using a differences-in-differences model using modified Poisson regression. Educational attainment measured at baseline. Reference 
group for RR calculations is $0.00 or a state minimum wage equal to the federal minimum wage rate. Sample size is 14,726 person-years for the full sample, 9,898 
person-years for women and 8,902 person-years for men. Models are adjusted for age, gender, marital status, race/ethnicity, state gross product, whether the 
state has a refundable EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) 
state allows for the application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy 
indicator based on 1) Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for 
non-citizens, 4) state expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a family of four, the percentage of residents who are 
in a union, and state and year fixed effects.  
* p <0.05, ** p <0.01, *** p <0.001
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Supplementary Table 12. Risk of moderate psychological distress by minimum wage and years of tenure at current employer in those with high 
school education or less restricted to 2011 to 2017 
  Weeks of unemployment, past year 
  0 weeks 24 weeks 52 weeks 
Minimum wage (State - Federal) RR 95% CI RR 95% CI RR 95% CI 
Overall             

$1.00  1.12 (0.74, 1.7) 1.10 (0.75, 1.60) 1.07 (0.75, 1.52) 
$2.00  1.25 (0.54, 2.89) 1.20 (0.56, 2.57) 1.14 (0.56, 2.30) 
$3.00  1.40 (0.40, 4.92) 1.31 (0.42, 4.11) 1.21 (0.42, 3.49) 

By gender             
Women             

$1.00  1.06 (0.72, 1.56) 1.04 (0.74, 1.45) 1.00 (0.74, 1.35) 
$2.00  1.13 (0.52, 2.45) 1.07 (0.55, 2.09) 1.00 (0.55, 1.81) 
$3.00  1.20 (0.38, 3.83) 1.11 (0.41, 3.02) 1.00 (0.41, 2.43) 

Men             
$1.00  1.12 (0.59, 2.13) 1.14 (0.61, 2.13) 1.16 (0.62, 2.17) 
$2.00  1.26 (0.35, 4.55) 1.29 (0.37, 4.53) 1.35 (0.38, 4.71) 
$3.00  1.41 (0.20, 9.71) 1.47 (0.23, 9.63) 1.56 (0.24, 10.22) 

RR = risk ratio, CI = confidence interval 
Source: Authors’ calculation using the Panel Study of Income Dynamics 
Notes: Estimates generated using a differences-in-differences model using modified Poisson regression. Educational attainment measured at baseline. Reference 
group for RR calculations is $0.00 or a state minimum wage equal to the federal minimum wage rate. Sample size is 14,726 person-years for the full sample, 9,898 
person-years for women and 8,902 person-years for men. Models are adjusted for age, gender, marital status, race/ethnicity, state gross product, whether the 
state has a refundable EITC program, state sales tax rate, a SNAP policy indicator based on 1) non-citizens in the state are fully eligible for SNAP benefits, 2) 
state allows for the application of SNAP online, 3) state has any SNAP ban for drug felons, 4) state uses broad-based categorical eligibility to, a Medicaid policy 
indicator based on 1) Medicaid eligibility limits for children above median, 2) Medicaid eligibility limits for parents above median, 3) state has Medicaid program for 
non-citizens, 4) state expanded Medicaid program as part of the Affordable Care Act, state TANF benefit for a family of four, the percentage of residents who are 
in a union, and state and year fixed effects.  
* p <0.05, ** p <0.01, *** p <0.001 
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PROJECT CONCLUSION 

In this project, we aimed to examine the longitudinal relation between higher minimum wages and 

obesity, hypertension, fair or poor health, and moderate psychological distress. This project also aimed to 

investigate how higher minimum wages were related to changes in daily cigarette and alcohol 

consumption, among consumers of those products, as well as engagement in physical activity. We further 

endeavored to explore the potential role of employment instability, as measured by the number of weeks 

spent unemployed in the prior year, and current employer tenure, in modifying the relation between 

obesity and moderate psychological distress.  

We found no association between minimum wage and the selected health outcomes in the overall 

sample of employed and unemployed working-age adults. Although health behaviors such as smoking, 

drinking, and physical activity represent a key pathway through which minimum wage can influence long-

term body weight and other health outcomes, we found little evidence, overall, of a relation. In most cases 

these primary findings in the full sample were similar when restricted to those adults who were employed 

and paid hourly at baseline. 

However, we did find evidence of heterogeneity by race/ethnicity and gender for: obesity and 

smoking in non-Hispanic White men, obesity and moderate psychological distress in non-Hispanic White 

women, and fair or poor self-reported health in men of color. Estimates were largely robust to restriction to 

workers employed hourly at baseline. We also found limited but suggestive evidence that prior 

unemployment, but not employer tenure, may modify the relation between minimum wage, obesity, and 

moderate psychological distress with those exposed to both high minimum wages and greater 

unemployment having the highest risk.  

These results, taken as a whole, suggest that higher minimum wages have little influence on 

health or health behavior. These findings are strikingly given that income and wages are known and 

strong determinants of health and well-being. However, these findings do not discount the value of higher 

minimum wages as a societal good. It is estimated that raising the US minimum wage to $15 an hour on 

the national scale could provide a pay increase to nearly half of all Americans.5 While this increase would 

represent a boon to many individuals earning low and minimum wage along with their families, it is 

possible that such an incremental increases on the local and national scale may not go far enough to 



 

 118 

improve health. Although the goal of minimum wage increases is to improve the economic rather than the 

physical and mental well-being, good health should figure prominently into how we as a society measure 

the benefits of social and income policies. As a 2008 report by World Health Organization’s Commission 

on the Social Determinants of Health astutely put: “Health and health equity may not be the aim of all 

social policies, but they will be a fundamental result.”127 

We also found limited but suggestive evidence that prior unemployment, but not employer tenure, 

may modify the relation between minimum wage, obesity, and moderate psychological distress. We found 

that the greatest risk of obesity and moderate psychological distress was highest when less-educated 

individuals experienced full-year unemployment in states when the minimum wage was $3 higher than 

the federal wage rate. These findings highlight the importance of examining the economic circumstances 

of individuals when evaluating the relation between social and income policies and health. In addition, 

these results have implications for labor, social, and income policies. Policies which increase wages or 

provide boluses of income will likely have little influence on health on their own. Instead, local and state 

governments as well as the federal government should consider moving multiple policy leverages jointly 

to simultaneously address multiple determinants of health and provide greater economic stability and 

security for individuals and households. One example of this would be to raise the income cut off points 

for local, state, federal benefit programs such as SNAP, WIC, TANF, and EITC when the minimum wage 

is increased.70,128 Another would be to provide free or subsidized childcare so that parents can more 

easily participate in the labor force without a heavy cost burden.129 The pathways through which minimum 

wage policies could act to influence health and are nuanced and multifaceted and may manifest 

differently across subpopulations. We will believe that examination of the influence of multiple policy 

levers combined with economic circumstances, such as unemployment, on health represents an 

important and fruitful avenue of research. This line of research is also particularly timely as the US 

debates a federal minimum wage increase and as governments worldwide seek to ameliorate the long-

term health and economic impacts ushered in by the current public health crisis through innovative 

policies targeted at individuals and businesses.  

Future studies should examine local minimum wage initiatives as well as the psychosocial and 

behavioral pathways through which minimum wage may operate to influence health through mediational 
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analyses. In addition, this study highlights the need for more diverse cohorts with sufficient representation 

to evaluate the combined influence of race/ethnicity and gender as well as other sociodemographic 

factors. Studies should also consider the extent to which macroeconomic conditions (e.g. state 

unemployment) or social and incomes (e.g. EITC) could jointly operate with minimum wage policies 

influence health and behavior. Furthermore, researchers should consider examine how other aspects of, 

and cumulative exposure to, employment instability influences the relation between minimum wage and 

incident as was as recurrent physical and mental health outcomes.
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APPENDIX 
 
Appendix Figure 1. Changes in minimum wage rates and their relation to the federal minimum wage rate 
across all 50 states and the District of Columbia, 1999-2017 

 
Source: University of Kentucky Center for Poverty Research55 
Note: Minimum wage rate assignment is based on the year in which the minimum wage law was first implemented. 
This differs from the Bureau of Labor Statistics estimates which assign the minimum wage rates to the first full year in 
which the minimum wage would cover workers. Therefore, above, minimum wage increases at the federal level occur 
from 2007-2009, but according to the Bureau of Labor Statistics these changes would occur from 2008-2010. 
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Appendix Table 1. State policies and characteristics, 1999-2017 

 State policy or characteristic Year 
1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 

Policies                     
Minimum wage (USD), mean (SD)a 7.78 

(0.43) 
7.47 

(0.68) 
7.30 

(0.84) 
7.08 

(0.95) 
7.69 

(0.78) 
8.47 

(0.39) 
8.13 

(0.43) 
7.93 

(0.50) 
8.23 

(0.82) 
8.37 

(1.22) 
Relative minimum wage (SMW/MSW), %b 39.2  36.7  35.2  34.5  38.3  41.7  40.9  39.9  40.3  39.5  
Refundable EITC, count 6  8  8  14  16  21  22  22  22  22  
Sales tax, mean (SD) 4.7 (1.8) 4.7 (1.8) 4.7 (1.8) 4.8 (1.9) 4.9 (1.9) 5.1 (2.0) 5.1 (2.0) 5.1 (2.0) 5.1 (2.0) 5.1 (2.0) 
TANF benefit (family of 4, USD), mean (SD) 837 (136) 863 (142) 913 (157) 955 (168) 981 (172) 1061 

(178) 
1142 
(186) 

1144 
(187) 

1140 
(196) 

1139 
(195) 

Medicaid policies                     
Elig. limit for children >median, countc 12 12 13 13 16 23 25 25 24 25 
Elig. limit for parents >median, countd 25 25 24 24 25 25 25 25 3 4 
Expansion for ACA, count 0 0 0 0 0 0 0 0 30 32 
Non-citizen program 0 0 0 0 0 0 22 26 30 32 

Medicaid policy indictor                     
0 policies, count 23 23 22 22 20 18 14 13 11 8 
1 policy, count 19 19 21 21 21 18 16 15 14 16 
2 policies, count 9 9 8 8 10 15 7 8 7 6 
3-4 policies, count 0 0 0 0 0 0 14 15 19 21 

SNAP policies                     
Non-citizens fully eligible, count 8 9 6 6 6 6 3 3 3 3 
Online application, count 0 0 4 9 19 25 35 43 45 45 
No ban for drug felons, count 12 12 12 15 16 19 18 19 20 21 
Broad-based categorical eligibility 0 9 9 11 13 27 41 41 40 40 

SNAP policy indicator                     
0 policies, count 34 28 27 21 17 10 2 1 1 1 
1 policy, count 14 18 18 22 19 15 13 9 11 12 
2 policies, count 3 3 5 6 11 17 25 27 21 19 
3-4 policies, count 0 2 1 2 4 9 11 14 18 19 

Characteristics                     
GSP (in thousands USD), mean (SD) 188 (225) 206 (250) 223 (270) 254 (309) 282 (346) 281 (343) 303 (370) 327 (409) 355 (452) 380 (489) 
% of population in a union, mean (SD) 14.6 (6.1) 14.0 (6.1) 13.3 (6.1) 12.9 (6.4) 12.6 (6.1) 12.7 (6.3) 12.1 (6.0) 11.6 (5.9) 11.4 (5.4) 11.0 (5.5) 

USD = United States dollars; EITC = Earned Income Tax Credit; SD = standard deviation; TANF = Temporary Assistance for Needy Families; Elig. = eligibility; ACA = Affordable Care 
Act; SNAP = Supplemental Nutrition Assistance Program; GSP = Gross State Product 
Sources: United States Department of Labor Wage and Hour Division,52 Tax Foundation,53 Tax Policy Center,54 University of Kentucky Center for Poverty Research,55 United States 
Census Bureau,56 Henry J. Kaiser Family Foundation,57 Center for Economic and Policy Research.58 
aAdjusted to 2017 US dollars 
bAdjusted state median wage based on all sectors, hourly and salaried, for workers 25-64 years of age 
cDue to a preponderance of states with Medicaid eligibility limits for children ≤ the median value of 200% of the federal poverty level in 1999, 2001, 2003, 2005, and 2007, the 
distribution is skewed and the split uneven 
dDue to a preponderance of states with Medicaid eligibility limits for parents ≤ the median value of 138% of the federal poverty level in 2015 and 2017, the distribution is highly skewed 
and the split uneven 
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Appendix Table 2. Sample characteristics at first observation comparing movers and non-movers, PSID 1999-2017   
Characteristics Movers Non-movers P-value 
Sample size, individuals, n 3,173 10,557 -- 
Demographics       

Age (years), mean (SD) 31.9 (8.2) 35.6 (9.5) <0.001 
Women, % 48.1 50.4 0.022 
Persons of color, % 39.5 45.5 <0.001 
Race and gender, %       

Non-Hispanic White men 32.5 28.3 <0.001 
Non-Hispanic White women 28.0 26.2   
Men of color 19.4 21.3   
Women of color 20.1 24.2   

Socioeconomic status       
Average years of education (years), mean (SD) 14.1 (2.2) 13.3 (2.3) <0.001 
Employment status, %a       

Employed 85.1 86.6 0.001 
Unemployed 7.3 7.6   
Not in labor force 7.6 5.8   

Paid hourly, %b 51.4 62.4 <0.001 
Hourly wage rate (USD), mean (SD)b,c 14.65 (13.87) 13.98 (21.71) 0.3103 
Hourly wage rate ≤150% of state minimum wage, %)b,c 27.3 25.3 0.1600 

SD = standard deviation; USD = United States dollars 

Source: Author calculations using the 1999-2017 and 2007-2017 Panel Study of Income Dynamics 
a11 individuals missing employment status at their first observation 
bUnemployed category includes only those who were actively seeking employment, i.e. “attached to the labor force.”  
cOnly calculated for those individuals who were employed, and those individuals paid hourly with tips or commission were excluded  
dOnly calculated for those individuals who were paid hourly 

* P < 0.05, ** P < 0.01, *** P < 0.001
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