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ARTICLE INFO ABSTRACT

We evaluate evidence for the effectiveness of raising minimum wages on various measures of public health
within the US, Canada, the UK, and Europe. We search four scientific websites from the inception of the research
through May 20, 2018. We find great variety (20 +) in measured outcomes among the 33 studies that pass our
initial screening. We establish quality standards in a second screening resulting in 15 studies in which we create
outcome-based groups. Outcomes include four broad measures (general overall health, behavior, mental health,
and birth weight) and eight narrow measures (self-reported health, “bad” health days, unmet medical need,
smoking, problem-drinking, obesity, eating vegetables, and exercise). We establish criteria for “stronger” find-
ings for outcomes and methods. Stronger findings include: $1 increases in minimum wages are associated with
1.4 percentage point (4% evaluated at mean) decreases in smoking prevalence; failure to reject null hypotheses
that minimum wages have no effects for most outcomes; and no consistent evidence that minimum wages harm
health. One “suggestive” finding is that the best-designed studies have well-defined treatment (or likely affected)
and control (unaffected) groups and contain longitudinal data. The major methodological weaknesses afflicting
many studies are the lack of focus on persons likely affected by minimum wages and omission of “falsification
tests” on persons likely unaffected. An additional weakness is lack of attention to how findings might differ
across populations such as teenagers, adults, men, women, continuously employed and unemployed persons.
Research into health effects of minimum wages is in its infancy and growing rapidly. We present a list of “better
practices” for future research.
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Minimum wages generate contentious debate. Some polls show
strong support for minimum wage increases, but there is opposition
(Drake, 2016; Heritage Foundation, 2014). Four states —Arizona,
Colorado, Maine and Washington— voted to raise their minimum
wages in November 2016. Twenty-nine states and over twenty cities set
2017 minimum wages above the federal minimum (Desilver, 2017).
The debate and research surrounding minimum wages typically con-
cern employment, workhours, poverty, income inequality, automation,
and job quality (Brown, 1999). Public health rarely enters these de-
bates, and few epidemiological studies consider minimum wages. Yet
these factors —employment through job quality— are widely re-
searched as possible social determinants of health (Berkman et al.,
2014). Moreover, there is corresponding literature on the effects of
income (as opposed to simply wages) on health (Economou and
Theodossiou, 2011; Marmot, 2002). In the last decade there has been a
surge of interest in “income and health” literature in studies that exploit

natural experiments, such as changes in the Earned Income Tax Credit
(EITC) (Hoynes et al., 2015; Strully et al., 2010). Until recently, how-
ever, this interest in natural experiments has not extended to minimum
wages.

Minimum wages affect many workers, not just those at the bottom
of the wage distribution. Increasing the federal minimum wage to $12
per hour by 2020 is estimated to lift wages for 35.1 million workers
(25.5% of all workers): 28.4 million would be directly affected, and 6.7
million indirectly affected through spillover effects whereby workers
earning just above the minimum would also receive raises due to
market forces (Cooper, 2015). Moreover, a variety of workers are af-
fected. Belman et al. (2015) estimate that if spillover effects apply up to
25% above the minimum wage, then 57% of affected workers are
women, 60% are age 25 and older, and 61% are either non-Hispanic
whites or Asians, i.e., not African-Americans or Hispanics.

To our knowledge, this is the first literature review on minimum

* Corresponding author at: Dept of Public Health Sciences, MS1C, UC Davis, Davis, CA 95616, USA.

E-mail address: pleigh@ucdavis.edu (J. Paul Leigh).

https://doi.org/10.1016/j.ypmed.2018.10.005

Received 1 March 2018; Received in revised form 1 October 2018; Accepted 8 October 2018

Available online 12 October 2018
0091-7435/ © 2018 Elsevier Inc. All rights reserved.


http://www.sciencedirect.com/science/journal/00917435
https://www.elsevier.com/locate/ypmed
https://doi.org/10.1016/j.ypmed.2018.10.005
https://doi.org/10.1016/j.ypmed.2018.10.005
mailto:pleigh@ucdavis.edu
https://doi.org/10.1016/j.ypmed.2018.10.005
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ypmed.2018.10.005&domain=pdf

J. Paul Leigh et al.

wages and public health. Relatively few studies exist (33 meet our in-
itial criteria), and almost all are from 2016 to 2018. There were chal-
lenges for conducting this review. There are a great number (20) of
variegated outcomes measured differently— from smoking to birth-
weight— and, by comparison, relatively few (15) preferred studies. The
populations in each study are also different: teenagers, working-age
persons with low or high wages, persons with few or many years of
schooling, pregnant mothers and infants, African-Americans, whites,
and Hispanics. We nevertheless developed methods for combining re-
sults and offer tentative conclusions. Our research questions were: what
are the effects of minimum wages on the health of “affected” groups,
and do these effects differ across different measurements of health?

We draw several conclusions. 1) Whereas we find at least one
health-enhancing effect of increases in minimum wages among low-
wage/low-skilled workers —smoking prevalence decreases— we do not
find any consistently health-harming effects in analysis of 15 high-
quality papers. 2) No consistent correlations —either positive or ne-
gative— are found between minimum wages and the great majority of
more than 20 outcomes. 3) In three of the four studies that we regard as
using the best designs, e.g. that use longitudinal data on persons, in-
creases in minimum wages are associated with better mental and
overall health, lower smoking prevalence, and fewer workdays absent
(Reeves et al., 2017; Lenhart, 2017c; Du and Leigh, 2018). The fourth
study does not find any consistently positive or negative correlations
(Kronenberg et al., 2017). 4) Effects on employed versus unemployed
persons likely differ. 5) Many studies commit what we regard as a fatal
flaw: they include middle- or high-wage/high-skilled persons with low-
wage/low-skilled persons in the same analyses. It is highly unlikely that
middle- or high-wage/high-skilled persons would be affected by
minimum wages. 6) Because this area of research is so new, any of the
above conclusions pertaining to correlations (1-3) may be overturned
with future research; we believe our conclusions regarding best designs,
employed and unemployed, and the fatal methodological flaw will not
be overturned.

1. Pathways

Three pathways involving affordability, psychosocial effects, and
worker and firm decision-making are identified. While all of the studies
in this review mention at least one of these pathways, none directly
address whether one pathway is stronger than another.

The first effect involves affordability. Higher wages allow workers
to afford better goods and services, including higher quality food and
water, cleaner and safer neighborhoods, gym memberships, and health
care (Grossman, 1972). Higher wages may also result in increased
purchases of cigarettes, alcohol, and drugs. However, cigarettes may be
“inferior” goods, i.e., demand for cigarettes decreases as incomes in-
crease (Chaloupka and Warner, 2000). The “affordability” effect pre-
diction is therefore ambiguous.

Second, studies document psychosocial or stress-induced effects on
health, especially at the workplace (Backé et al., 2012). There is no
consensus, however, on how to categorize these effects. At least three
streams of psychosocial pathways can be identified involving wages.
The first involves job satisfaction. Economists present evidence that low
wages negatively affect job satisfaction; epidemiologists provide evi-
dence that low job satisfaction predicts poor physiological and psy-
chological health (Clark and Oswald, 1996; Faragher et al., 2005). The
second stream involves lack of social status. Humans are a social spe-
cies, we value the respect of others which is partially determined by
wages because they convey information about our position in the so-
cioeconomic hierarchy (Pickett and Wilkinson, 2015). The final stream
pertains to feelings of “control over destiny” which are elevated with
rising incomes (Marmot, 2002). All three psychosocial streams suggest
higher wages should improve health.

Finally, worker and firm decision-making suggests contradictory
streams. First, there is an investment motive: an increasing wage raises
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the opportunity costs of poor health because neglecting one's health
today can result in missing (higher paid) workdays in the future
(Grossman, 1972). Second, there is a substitution effect: an increasing
wage raises the opportunity costs of leisure so that workhours will in-
crease and leisure time will fall. However, not all leisure time responds
the same way to higher wages. Du and Yagihashi (2017) find that
health-enhancing time, such as exercise, increases with wages because
health-enhancing time has an investment nature.

Becker and Mulligan (1997) identify time preference, or the ability
to delay gratification, as a third stream. The ability to delay gratifica-
tion is enhanced with the ability to imagine the future. A worker may
hope eventually to afford an annual gym membership. An increase in
wages might allow her to purchase a weekend pass, and the experience
could embellish her imagination regarding the future joys associated
with annual membership. Psychological experiments find that when
adults are made to feel poor they will opt for immediate, small rewards
over large, future ones (Callan et al., 2011). Economists argue that
through greater ability to delay gratification people place higher values
on future “utility” and will therefore invest in healthy habits now to
enjoy that destiny (Fuchs, 1982).

Finally, firms may react by laying off workers or cutting workhours.
Because these decisions are made by firms, not workers, they may have
harmful effects on worker health (Schaller and Stevens, 2015). Ruhm
(2000) on the other hand, finds increases in unemployment rates are
associated with decreases in mortality. More fundamentally, there is
considerable debate among economists regarding the minimum wage
effects on unemployment and workhours. Neumark (2017), for ex-
ample, maintains that there are sizable effects, especially for teenagers.
A meta-analysis, on the other hand, suggests that the effects of
minimum wages on unemployment and workhours are modest to nil
(Doucouliagos and Stanley, 2009).

These pathways are not mutually exclusive and could create com-
pound effects. For example, the affordability effect may enhance
workers' beliefs that they have some control over their “destinies” if
they can afford safer neighborhoods.

2. Methods

We searched for English-language published and unpublished em-
pirical studies on the effects of minimum wages on health outcomes.
Our electronic search used PubMed, Web-of-Science, ProQuest, and the
Social Science Research Network (SSRN) reporting from the inception
of the research to May 20, 2018. To cast a wide net, we only included
two broad search terms: “minimum wage” and “health.” In addition, we
perused references in studies selected from these search engines. All
three authors provided input on which papers to include or exclude.
The protocol was not registered. Details appear in the Appendix.

After collecting all non-duplicate records from the electronic search,
we initiated our first inclusion/exclusion criteria by accepting studies
with observational data if they met the first criteria in Table 1.

These criteria resulted in the elimination of editorials, studies in-
volving less developed countries, qualitative studies, and under-
graduate papers, among others. The Flow Diagram in the Appendix
indicates the numbers of records excluded at each stage and some of the
reasons for the exclusions. The 33 studies that passed this first screening
are listed in Appendix Table 2.

We extracted information pertaining to data sources, statistical
models, definitions of groups likely affected and unaffected by
minimum wages, health outcomes, conclusions, and sample sizes.

We regard the initial list of 33 studies as informative (below). We do
not regard them as all having the same quality. We created a second
inclusion/exclusion criteria based on quality parameters informed, in
part, by Cochrane guidelines and by our desire to consider only direct
measures of health (Higgins and Green, 2011). These criteria appear in
Table 1. Application of this second screening yielded 15 high-quality
studies with direct measurements of health: Adams et al. (2012),
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Table 1
Inclusion/Exclusion criteria.

First Inclusion/Exclusion Criteria. We accepted studies with observational data if:

1. An evaluation of the relation between minimum wages and some measure of health
was reported using one of the following effect size statistics: linear regression
coefficient, “marginal effects,” odds ratio, relative risk, or difference-in-means.

2. Subjects were residents of the US, the UK, Canada, or Europe.

3. Either cross-sectional or longitudinal data were used.

4. Were published in peer-reviewed journals, including the National Bureau of
Economic Research (NBER), or appeared on non-partisan, academic web-sites.

Second inclusion/exclusion criteria to create list of high-quality studies with direct
measures health outcomes.

1. Studies' sample(s) must focus on groups either directly or most likely affected by
minimum wages, e.g. workers earning below minimum wages before they are
raised or low-wage/low-skilled workers. Sample(s) must not combine low- and
high-wage workers, because it is highly unlikely that minimum wages affect
high-wage workers. Exclusions: Hradil (2018); Komro et al. (2016); Lenhart
(2017b); Raissian and Bullinger (2017); Rigby and Hatch (2016); Van Dyke et al.
(2018).

2. Studies must be published in peer-reviewed journals or by NBER (virtually all
NBER studies are eventually published). Exclusions: Averett et al. (2017b)
(Hispanic only); Bucila (2013); Lenhart (2017a); Pohl et al. (2017); Sabia et al.
(2014).

3. Studies must focus on direct measures of health; studies on life satisfaction,
employer-provided health insurance (EPHI), teenage births, and physician visits
were excluded. Exclusions: Bullinger (2017); Flavin and Shufeldt (2017); Kuroki
(2017); Marks (2011); Sen and Ariizuma (2013); Simon and Kaestner (2004)

4. Studies must be valid and avoid obvious selection bias (Higgins and Green, 2011).
Flavin and Shufeldt (2017) analyze only 41 states. Tsao et al. (2016) simulate
rather than demonstrate (with an hypothesis test) that minimum wages are
associated with mortality; in addition they do not account for self-selection bias
among residents who choose to live in different New York City neighborhoods. Jo
and Lim (2009) have data on individuals but they aggregate those data into
statewide averages, resulting in significant variation across individuals being lost
which leads to a poor design using hierarchical data.

Third inclusion/exclusion criteria for statistics drawn from the 15 high-quality
studies with direct measures of health.

1. Sample(s) must contain only low-wage/low-skilled workers (this criterion was
necessary because some studies among the 15 use sub-samples with middle-to-
high wage and skilled workers).

. Authors preferred statistics or findings reported in first relevant table which
adjusted for person-specific or state-specific characteristics.

. If the study has current and one-year lagged minimum wage, we selected authors'
preference.

. If the study has minimum wage or relative minimum wage, we selected minimum
wage; no study has only relative minimum wage.

. We selected statistics with all genders and race/ethnic groups combined if
available; if not, we selected gender-specific or race/ethnicity-specific statistics.

. Solitary outcomes—outcomes in studies with multiple outcomes which no other
study also considered—were not analyzed. For example, hearing problems in
Reeves et al. (2017) were not examined.

. If the study had both difference-in-difference estimates and triple difference
estimates, we selected only the difference-in-difference estimates to remain
consistent with most other studies which did not use triple differences.

N

w

N

w

f=2

N

Andreyava and Ukert (2018), Averett et al. (all races/ ethnicities)
(Averett et al., 2017a), Du and Leigh (2018), Hoke and Cotti (2016),
Horn et al. (2017), Kronenberg et al. (2017), Lenhart (2017c),
McCarrier et al. (2011), Meltzer and Chen (2011), Reeves et al. (2017),
Sabia and Nielsen (2015), Strully et al. (2010), and Wehby et al. (2018).

Most literature reviews with which we are familiar contain 20+
studies per outcome. This review differs significantly. Our second in-
clusion/exclusion criteria resulted in 15 studies with 20+ variegated
outcomes, including self-reported health, number of “bad” health days
out of the previous 30 days, smoking, binge drinking, and birth weights.
In addition, within these outcomes, metrics vary: number of fruits and
vegetables, number of traffic deaths, and BMI (which are all continuous
variables), as well as current smoker or binge drinker (binary
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variables). In an attempt to generate findings across these studies, we
grouped outcomes into four broad categories (and eight narrow ones):

1) General overall health (self-reported health, days with “bad” health,
and unmet medical need),

2) Behavior (smoking, problem-drinking, obesity, eating fruits and
vegetables, and exercise),

3) Mental health (no narrow groups),

4) And birth weights (no narrow groups).

We grouped alcohol-related traffic deaths into the problem-drinking
category and absence from work due to illness into the “bad” days
category.

We extracted statistics from these 15 high-quality studies; one for
each of the eight narrow categories, and two broad categories (mental
health and birth weight) that were available. We selected or rejected
outcome-specific statistics based on the third criteria in Table 1.

Because of the relatively few studies and large number of outcomes,
we used a 3-2 criteria to generate meta-analysis findings: the category
must have at least three different studies from two different data sets
with compatible measures of outcomes. For example, there are five
different studies from three different data sets within the smoking ca-
tegory; smoking therefore qualified for meta-analysis. As another ex-
ample, we were not able to combine “days with mental health pro-
blems” with scores from a British mental health questionnaire because
effect sizes were incompatible, and therefore, there were not enough
mental health studies from separate data sets to enter meta-analysis.
While we will use the word “stronger” for several general findings, we
will also use “stronger” to refer to any result emanating from these 3-2
criteria. Two broad groups (general overall health and behavior) and
four narrow groups (self-reported health, “bad” health days, smoking,
and problem-drinking) qualified for meta-analysis. Although we ran
meta-analyses with random effects and fixed effects, we preferred
random effects because populations differ across studies.

Measurements for effect sizes and standard errors differ across stu-
dies. We took two approaches in meta-analysis. First, we did not adjust
measures of effect sizes; second, we adjusted them. Horn et al. (2017)
measure minimum wages in logs but no other studies use logs. Our
adjusted effect sizes and standard errors, therefore, were Horn et al.'s
(2017) unadjusted estimates divided by the mean for minimum wages
(Gujarati, 1988, page 148, footnote #14). Du and Leigh (2018) use
percent of weeks (including fractions) absent due to illness out of po-
tential annual workweeks. We adjusted these results by multiplying the
percent by 30 because all other studies of “bad” days are measured out
of “the previous 30 days.” Lenhart (2017c¢) effect sizes are measured in
pounds, not dollars. He estimates the UK minimum wage added 44
pounds (= $66) to monthly incomes for affected workers. Assuming US
and UK affected workers work 30 h per week (many minimum wage
workers do not work full-time) at $5.15 per hour in the US (federal
minimum in 2000, to coincide with Lenhart's years), this $66 represents
a 10.7% monthly increase or $0.55 above $5.15. A $1 increase,
therefore, would be equivalent to ($1/$0.55), or 1.818 times Lenhart's
estimates.

We used Chinn's (2000) method to convert odds ratios to approx-
imate effect sizes. Because odds ratios are measured so differently from
effect sizes, we only use adjusted, not unadjusted, ones. Lenhart
(2017c) uses ordered logistic for self-reported health but presents
“marginal effects” that are equivalent to effect sizes. He presents linear
regression statistics for smoking. We did not adjust effect sizes for
traffic deaths or BMI or numbers of fruits and vegetables to binary
categories as there were no obvious methods for doing so. Nevertheless,
coefficient estimates for these variables were similar in magnitude to
other estimates entering our meta-analysis. We were conservative; we
did not reject null hypotheses unless all four meta-analyses — un-
adjusted and adjusted effect sizes, and random and fixed effects—
suggested it.
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We conducted three additional analyses. In the first, we created new
criteria for categories that did not pass our 3-2 test, but that had at least
two different studies with at least one dataset and all studies must to-
gether either fail to reject or reject the null hypothesis. We refer to these
as 2-1 criteria but did not apply meta-analyses. In the second additional
analyses, we ran the same meta-analyses identified above in the 3-2
criteria after eliminating Horn et al. (2017). Horn et al. (2017) include
people with up to three years of college into their affected group. None
of the other 33 studies include people with years of college in their
affected groups. Du and Leigh (2018) include people with 13+ years of
schooling into their unaffected groups and fail to reject null hypotheses
for unaffected groups.

In the third analysis, we applied the strictest criteria for selection
into affected and unaffected groups and data. It could be argued that
the best-designed studies involve wage-based definitions of affected
groups and “before and after”, longitudinal, data on the same persons.
These “best-designed” studies would compare workers with wages in-
itially below or just above the new minimum wage before it is raised
and who subsequently earn higher wages after it is raised with workers
initially earning below or just above the new minimum but who, for
whatever reason, do not earn higher wages after it is raised. We refer to
findings from the three additional analyses as “suggestive.”

3. Results

The first inclusion/exclusion criteria test yielded 33 studies, listed
alphabetically in Appendix Table 2. We divided the 33 studies into
three data-based categories: data from persons within the US, aggregate
data from US states, Canadian provinces, or Organization of Economic
Cooperation and Development (OECD) countries, and data on UK per-
sons. Corresponding studies appear in the Appendix. Equations in the
Appendix describe the hierarchical nature of the data, especially for
those in the first person-level category in which minimum wages are
measured only at the state level. To partially account for this hier-
archical structure, standard errors for all covariates are clustered at the
state level. The three UK studies pertain to the implementation of the
first-ever national minimum wage in 1999. Publications derive from
public health, sociology, and economics.

The second column of Appendix Table 2 briefly describes health
outcomes, including, for example, frequently analyzed outcomes such
as self-reported health and smoking as well as unique outcomes such as
alcohol-related traffic fatalities among teenagers and child abuse. The
third column describes data, including country and years. The most
popular data-set is the Behavioral Risk Factor Surveillance System
(BRFSS).

Some studies examine the overall sample while others focus on
subsamples such as persons likely affected by minimum wages (e.g.
persons with < 12years of schooling or teenagers) or unlikely to be
affected (those with 13+ years of schooling); the latter are used in
“falsification tests.” If statistically significant effects are found in un-
affected groups, there may be unobserved forces affecting both health
outcomes and minimum wages. Some studies go further using the dif-
ference-in-difference-in-difference (DDD) design in which statistical
estimates for affected and unaffected groups are directly compared
(Horn et al., 2017; Pohl et al., 2017; Du and Leigh, 2018) Other studies
add state-specific linear or quadratic time-trends as additional controls
(Meltzer and Chen, 2011; Sabia and Nielsen, 2015; Hoke and Cotti,
2016; Kuroki, 2017; Sabia et al., 2014; Marks, 2011). Sabia and Nielsen
(2015) suggest that state-level trends remove more than 60% of the
variation in outcomes. Better designs might include state-level vari-
ables, such as EITC or Temporary Assistance for Needy Families (TANF)
which explicitly accounts for these trends or the DDD method that
implicitly account for them.

There are variations in measurements of minimum wages. Most
studies use current real (inflation-adjusted) minimum wages, others use
lagged only or current and lagged wages, and some also use relative

Preventive Medicine 118 (2019) 122-134

wages, e.g. minimum wages divided by state average or median wages.
Lagged wages might be preferred if effects on health take time or em-
ployment and workhours do not respond concurrently to minimum
wage raises. The rationale for using relative minimum wages is that if
average state wages are relatively low compared to minimum wages,
then minimum wages are likely to have larger overall effects.

Appendix Table 3 presents brief descriptions of each of the 33 stu-
dies. Appendix Table 4 lists quality and selection measures for the 33
studies passing the first inclusion/exclusion test. The first and most
important quality measure is whether the study limits the sample to
persons who are likely to be affected by minimum wages (col. 2). But
definitions of “affected” vary. The most common affected group is de-
fined as persons with either less than or less than or equal to a high
school education. Other authors define affected groups as youths.
Finally, in what some regard as the best definition, some authors define
“affected” based on wages (col 5).

The better studies: compare results for affected groups with likely
unaffected groups —persons with more than high school educations or
persons earning more than, for example, double the minimum wage—
as “falsification tests” (col 6); use triple difference methods where ap-
propriate (col 7); use “before and after” changes for the same person or
longitudinal data with person-fixed effects (col 8); investigate both
current and yearly lagged minimum wages (col 9); and use appropriate
covariates (col 10). We excluded several studies either because they
were unpublished or analyze outcomes we did not define as strictly
measuring health (cols 3 and 4). We nevertheless regard unpublished
studies by Pohl et al. (2017), Lenhart (2017a), Averett et al. (2017b)
(Hispanic only), and Sabia et al. (2014) as relatively high-quality and
they may eventually be published. The studies by Bullinger (2017) and
Sen and Ariizuma (2013) on teen births, Kuroki (2017) on life sa-
tisfaction, and Marks (2011) and Simon and Kaestner (2004) on em-
ployer-provided health insurance (EPHI) are also of high-quality in our
view, but these outcomes do not directly measure health. Finally, while
we have concerns about the lack of likely affected groups in Van Dyke
et al. (2018), their use of Marginal Structural Models is innovative and
analysis of heart disease deaths are important given the substantial toll
of heart disease on populations.

Table 2 presents brief descriptions of all findings from the 15 high-
quality studies based on selection/rejection criteria for outcome sta-
tistics at the bottom of Table 1. Findings are grouped into four broad
and eight narrow outcome categories (col 1). Going down Table 2, the
four broad categories are listed from wide to narrow measures of
health: general health, behavior, mental health, and birth weight.
Within the first two of these four, the narrow categories are listed from
most to least frequently studied. The last two broad categories do not
have narrow categories. Columns 2-5 are empty for the broad cate-
gories because we created them, and therefore there are no corre-
sponding samples or effect sizes.

The first study finding in Table 2 pertains to Lenhart (2017¢) binary
measure of self-reported health, “poor/very poor.” Column 3 describes
the sample. The next column, “Max (federal, state), continuous” in-
dicates that this study defines minimum wages as the maximum of ei-
ther the state or federal wage and that wages are continuously mea-
sured; they are not binary. If nothing appears regarding the statistical
model, then linear regression applies.

The next column provides the effect size estimate, confidence in-
terval, standard error, sample size, and table from which the effect size
was drawn. For most rows, the final column provides statements re-
garding changes in outcomes associated with meaningful increases in
minimum wages. We do not present uniform comparisons for $1 in-
creases in minimum wages because Horn et al.'s (2017) minimum
wages are logged and the UK studies are in pounds.

In the final column, we offer our judgments based on the 3-2 cri-
teria, meta-analyses, and additional analyses (below). Several cate-
gories did not pass either the 3-2 or 2-1 tests. The same BRFSS data are
used by McCarrier et al. (2011) and Sabia and Nielsen (2015) for
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Table 3
Random effects meta-analyses on two broad and four narrow categories of outcomes that passed the 3-2 criteria test.
Outcome category, adjustments, and included studies Effect size  95% confidence interval  Z-statistic
1. A. General overall health, unadjusted. Includes Lenhart (2017¢), Horn et al. (2017), Averett et al. (2017a), Du and Leigh —0.004 —0.016 to 0.009 0.58
(2018), Andreyava and Ukert (2018), McCarrier et al. (2011)1, Sabia and Nielsen (2015),
1. B. General overall health, adjusted®. Same studies as in 1.A. —0.006 —0.014 to 0.001 1.61
2. A. Behavior, unadjusted. Includes Lenhart (2017¢), Horn et al. (2017), Averett et al. (2017a), Du and Leigh (2018), —0.001 —0.012 to 0.009 0.27
Andreyava and Ukert (2018), Wehby et al. (2018), Meltzer and Chen (2011), Adams et al. (2012),Strully et al. (2010).
2. B. Behavior, adjusted.? Same studies as in 2.A. —0.000 —0.006 to 0.006 0.03
3. A. Fair/poor self-reported health, unadjusted. Includes Lenhart (2017c¢), Horn et al. (2017), Averett et al. (2017a), Duand  0.001 —0.012 to 0.014 0.19
Leigh (2018).
3. B. Fair/poor health self-reported, adjusted.? Same studies as in 3.A. —0.003 —0.011 to 0.004 0.90
4. A. “Bad” health days and absence from work, unadjusted. Includes Horn et al. (2017), Du and Leigh (2018), Andreyava and —0.030 —0.103 to 0.043 0.80
Ukert (2018)
4. B. “Bad” health days and absence from work, adjusted.? Same studies as in 4.B. —0.018 —0.052 to 0.017 0.99
5. A. Smoking, unadjusted. Includes Horn et al. (2017), Lenhart (2017¢), Strully et al. (2010),* Wehby et al. (2018) —0.018* —0.038 to 0.001 1.84
5. B. Smoking, adjusted.? Same studies as in 5.A. —0.014* —0.030 to 0.002 1.69
6. A. Problem-drinking, unadjusted. Includes Horn et al. (2017), Andreyava and Ukert (2018), Adams et al. (2012). 0.008* —0.001 to 0.017 1.66
6.B. Problem-drinking, adjusted. 0.002 —0.002 to 0.006 0.99

1. Odds ratios converted with Chinn's (2000) method. See Appendix.

2. Adjustments included de-logged wages in Horn et al. (2017), pounds to dollars in Lenhart (2017c¢), percent out of 30 days in Du and Leigh (2018). See Appendix.

*, ** indicates statistical significance at the 0.10 and 0.05 levels in two-tailed tests.

“unmet medical need”; Andreyava and Ukert (2018) and Meltzer and
Chen (2011) for BMI/obesity; and Andreyava and Ukert (2018) and
Horn et al. (2017) for fruits and vegetables. In addition, all of the above
studies, together with Horn et al. (2017) and Lenhart (2017c) for ex-
ercise and Reeves et al. (2017) and Kronenberg et al. (2017) for mental
health (as well as studies within groups passing the 3-2 test), reach
different conclusions for the null hypothesis. We therefore conclude
that for groups that did not pass either the 3-2 or 2-1 tests, there is
insufficient evidence to offer any judgment.

Although we entered problem-drinking into meta-analyses,
“drinking” presented unique challenges. Horn et al. (2017) and
Andreyava and Ukert (2018) measure binge and heavy drinking, but
Adams et al. (2012) measure alcohol-related traffic deaths. Hoke and
Cotti (2016) measure binge drinking but do not report either standard
errors or confidence intervals.

Table 3 presents results from meta-analyses of two broad groups
(general overall health and behavior) and four narrow ones (self-re-
ported health, “bad” days, smoking and drinking). We ran meta-ana-
lyses using Stata/SE 14.2 with random (Table 3) and fixed (from au-
thors) effects. (Computer output with forest plots appear in the
Appendix). The first two rows report results on the broad overall health
category. Rows with letters A and B provide results for unadjusted and
adjusted effect sizes and standard errors for all categories, respectively.
Adjustments pertain to Horn et al's (2017) logs, Lenhart's (2017c)
pounds-to-dollars, and Du and Leigh's (2018) absence percentage to
days. Only smoking generated statistical significance in both random
effects models at the 5% level (rows 5.A, 5.B). However, fixed effects
were statistically significant at the 1% level in both cases. Moreover,
only three studies investigate smoking among women (Horn et al.,
2017; Wehby et al., 2018; Strully et al., 2010). All three reject their null
hypotheses. We therefore reject the null hypothesis that there is no
association between minimum wages and smoking prevalence.

Our preferred smoking effect size estimate, —0.014, from row 5.B,
uses the adjusted Horn et al. (2017) and Lenhart (2017c) data. This
estimate suggests that a $1 increase in the minimum wage is associated
with a 1.4 percentage reduction in smoking prevalence among the af-
fected groups. Assuming smoking prevalence of 0.36 for the affected
group (Andreyava and Ukert, 2018), this represents a 4% reduction in
smoking.

Problem-drinking draws a 10% significance level in the unadjusted
row (6.A) but indicates we cannot reject the null in the adjusted row
(6.B). Because we require consistent results in both and because the
Sabia et al. (2014) unpublished but high-quality study fails to reject the
null hypothesis for problem-drinking, we fail to reject the null

hypothesis for studies in this review.

See the Appendix for the first additional analysis in which only birth
weight passed the 2-1 test.

The second additional analysis excluded Horn et al.'s (2017) data. In
the results in the Appendix, we found statistical significance at the 10%
(and 1%) levels in both unadjusted and adjusted random (and fixed)
effects models for measures of general overall health. We therefore
reject the null hypothesis. The adjusted effect size was —0.013, in-
dicating that a $1 increase in the minimum wage was associated with a
1.3% point reduction in our measure of general overall health.

In the third additional analysis, we applied the strictest criteria for
selection into affected and unaffected groups. Reeves et al. (2017), in
control group 2, does this by comparing low-wage workers eligible for
the new 1999 UK minimum wage working in firms that raised wages to
comply with the law with low-wage eligible workers in firms that did
not comply. The other two UK studies (Lenhart, 2017¢c; Kronenberg
et al.,, 2017) come close to this “strict” design with information on
workers who report that they did or did not experience wage increases
resulting from the minimum wage. Reeves et al. (2017) reject but
Kronenberg et al. (2017) fail to reject the null hypothesis that there is
no association between the minimum wage and measures of mental
health. Lenhart, (2017c) rejects the null hypotheses that there are no
relations between the minimum wage and measures of self-reported
health or smoking.

4. Discussion

This review produced “stronger” and “suggestive” findings for both
outcomes and methods. The first stronger finding for outcomes was that
increases in minimum wages were associated with decreases in smoking
prevalence among low-wage/low-skilled workers, especially females.
The second stronger finding for outcomes was that for the majority of
tests in our meta-analyses, we failed to reject the null hypotheses. The
third stronger finding was that we did not uncover evidence that
minimum wages harmed health. Additional stronger outcomes findings
were that: 4) there is great variety (20+) in measured outcomes, 5)
some studies focus on just one outcome while others focus on several,
and 6) self-reported health and smoking are the most frequent out-
comes studied.

One suggestive outcome derives from omitting Horn et al.'s (2017)
data from meta-analyses. Horn et al. (2017) include persons with up to
three years of college in their “affected” group. We found that increases
in minimum wages were associated with increases in general overall
health as measured by self-reported health, “bad” health days, and
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unmet medical need, combined.

The first stronger methods finding is that numerous studies commit
the same flaw — combining middle- or high-wage/high-skilled persons
and low-wage/low-skilled persons—which then renders their findings
suspect. Any “likely affected” group estimate that includes people who
do not earn, or are otherwise unaffected by, minimum wages will dilute
and bias the estimated treatment effect toward the null as well as invite
spurious correlations. The other stronger methods findings were: 2)
linear regression is the most popular method, and 3) the most frequent
data derive from US persons rather than state, province-, or -country
aggregates.

Most studies estimate the “intent-to-treat” effect, not the “treat-
ment-effect-on-the-treated.” The third additional analysis attempted to
restrict attention to the former and provided suggestive method and
outcomes findings. Reeves et al. (2017), Lenhart (2017c), and
Kronenberg et al. (2017) come closest to “intent-to-treat.” But it is
difficult to find equivalent natural experiments elsewhere, and all three
UK studies have relatively small samples. Moreover, wages may suffer
more endogenity bias than education, because, whereas adults gen-
erally do not go back to school as a result of increases in the minimum
wage, they may change jobs and thereby change wages. Du and Leigh
(2018) is the only US study using longitudinal data with wage-based
groups (in one analysis) and person-specific fixed effects; using these
effects has been favorably compared to “before and after” methods
(Stock and Watson, 2003, p. 282). Of these four studies, three (Reeves
et al., 2017; Lenhart, 2017c; Du and Leigh, 2018) find salubrious effects
from minimum wages on mental health, self-reported health, smoking,
and absence from work due to illness. Kronenberg et al. (2017) fail to
reject the null hypothesis that there are no effects on mental health.
None find harmful effects.

Our finding of an inverse correlation between minimum wages and
smoking is consistent with economic research, mentioned above, sug-
gesting that cigarettes are “inferior” goods. The hypotheses pertaining
to effects of wages on job satisfaction could also explain this inverse
correlation. Lenhart (2017c¢) finds that the UK minimum wage lead to
higher job satisfaction. Our stronger findings of positive health effects
on smoking, suggestive findings on general overall health and low birth
weight (see Appendix), and no harmful effects have broader implica-
tions. They suggest that wages could be viewed as occupational hazards
and could be a target for disease prevention and health promotion ef-
forts from the occupational safety and health community. Our findings
are also consistent with health policymaking efforts to raise benefit
levels for workers compensation, unemployment compensation, Social
Security Disability, and EITC (Leigh and Du, 2018).

Our findings for smoking and general overall health are also con-
sistent with other literature. Conklin et al. (2016) find increases in
minimum wages are associated with lower levels of obesity in 27 less
developed countries. Bhatia (2014) estimates that higher minimum
wages result in lower mortality in California. Evidence suggests im-
provements in measures of health resulting from introductions of
“living wages” in San Francisco and Los Angeles (Bhatia and Katz,
2001; Cole et al., 2002).

One reason for the numerous statistically insignificant findings
within studies, as well as the lack of consistent findings across studies,
could be due to unemployment and workhours. As noted above, a
plethora of economic studies present conflicting findings for the effects
on unemployment and workhours (Doucouliagos and Stanley, 2009;
Neumark, 2017). Moreover, there are conflicting theories and findings
pertaining to the effects of unemployment and loss of workhours on
worker and family health (Ruhm, 2000; Schaller and Stevens, 2015).

Income inequality is alleged to harm health (Pickett and Wilkinson,
2015). Mishel (2013) estimates that falling inflation-adjusted minimum
wages can explain over half of the rising wage gap between median
wages and wages at the 10th percentile during 1979-2009. We are not
aware of research on minimum wages showing much, if any, effect on
wages above the median. If research can demonstrate sizable effects
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above the median, then our decision to exclude studies that do not focus
on likely affected workers was incorrect.

4.1. Limitations

Because of the variety of studies, our groups were not flawless. We
grouped alcohol-related traffic deaths into the problem-drinking cate-
gory and absence from work due to illness into the “bad” days category.
Solitary outcomes represent limitations. While Reeves et al. (2017)
analyze high blood pressure and hearing problems, and Lenhart
(2017c¢) analyzes conditions treatable by over-the-counter medications,
no other studies do, and we excluded them from our analysis. In ad-
dition, we omitted studies on outcomes that did not directly measure
health.

We did not quantitatively assess publication bias (Higgins and
Green, 2011), in part, because we had so few studies that qualified for
the meta-analysis in Table 3. Although publication bias is undoubtedly
concerning, it may not afflict this line of research as much as others.
Our 15 studies with multiple outcomes contain numerous estimates for
which the null hypotheses could not be rejected. The majority of con-
fidence intervals in Table 2 include zero. Two of 15 high-quality studies'
major conclusions are that there are no associations between minimum
wages and health (Kronenberg et al., 2017; Sabia and Nielsen, 2015).

Our research question did not include different populations because
so few studies exist. Had we partitioned by populations—men, women,
teenagers, adults, working, or unemployed—we would not have mat-
ched more than three studies within a category and there would have
been no matches qualifying for our 3-2 test. It is very likely, however,
that effects of minimum wages differ across populations. Economic
research suggests 1) spillover effects are stronger for women than men;
2) unemployment effects (if any) are stronger for teenagers than adults;
3) there are greater effects on increasing family incomes among
workers continuously employed than on family incomes among un-
employed persons; and 4) there are different effects on employees
versus self-employed persons (Belman and Wolfson, 2014).

Finally, because outcomes are so numerous (20+), high-quality
studies so few (15), and because research is expanding briskly, none of
the above findings pertaining to specific outcomes are ironclad; future
research may overturn them.

Research on the economic effects of minimum wages is mountai-
nous. Public health minimum wage research is minuscule, and the great
majority of studies were published recently (2016-2018). We predict
that this research will grow substantially, similar to the growth in
studies on the health effects of the EITC. Reasons are manifold: unlike
other social determinants of health, minimum wages can be and are
increased by governments every year. Strong theories support these
effects, increases are natural experiments, and considerable public
health research is focused on income inequality and poverty and
minimum wages affect both.

Future researchers might consider the following “better practices,”
ranked in order of our views of importance.

1) The best designs have clear treatment and control groups and
longitudinal data as available, for example, in all three UK studies. If
clear groups are not available then focus should be on persons most
likely affected by minimum wages, e.g. persons with at most high
school degrees.

2) Comparison “placebo” samples of persons unlikely affected should
be analyzed e.g. persons with 13+ years of schooling. If warranted,
triple differences models should be estimated.

3) Analyses should address whether and under what circumstances
affected and unaffected groups are better defined by education or
wages.

4) Researchers should identify whether to include persons who are
continuously employed, employed part-time, part-year, un-
employed, self-employed, out of the labor force, teenagers, adults,
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women or men; researchers should assess what biases ensue related
to these inclusions or exclusions with separate analyses of these sub-
groups, if data permit.

Current, lagged, and perhaps relative wages, should be examined.
Wherever feasible, researchers should account for the presence and/
or generosity of safety net programs such as the EITC, and/or state-
level time-trends. Neumark (2017) indicates that difference-in-dif-
ferences results are sensitive to the inclusion of state-level trends;
triple differences designs sidestep any need for trends.

5
6

(N

Future research could investigate: which among the theoretical
pathways identified above, such as job satisfaction, have the most
salient effects on health. It could also examine continuously employed
persons, because the consensus in economics is that minimum wages lift
wages for employed low-wage workers (Belman and Wolfson, 2014).
Finally, future research could also consider the geographic matching
method that compares contiguous counties across state lines (Dube
et al., 2010).
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