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Abstract
Background: One of the mechanisms by which high educational attainment promotes populations’ health is 
through reducing exposure to environmental risk factors such as second-hand smoke. Minorities’ Diminished 
Returns theory, however, posits that the protective effect of educational attainment may be smaller for racial 
and ethnic minority individuals, particularly Blacks and Hispanics compared to Whites. Aims: This study aims 
to explore racial and ethnic differences in the association between educational attainment and second-hand 
smoke exposure at work in a national sample of American adults. Methods: Data came from the National Health 
Interview Survey 2015, a cross-sectional study included 15,726 employed adults. The independent variable 
was educational attainment, the dependent variables were any and daily second-hand smoke exposure at 
workplace, age and gender were covariates, and race and ethnicity were the moderators. Results: Overall, 
higher educational attainment was associated with lower odds of any and daily second-hand smoke exposure 
at work. Race and ethnicity both interacted with educational attainment, suggesting that the protective effects 
of educational attainment on reducing the odds of any and daily second-hand smoke exposure at work are 
systemically smaller for Blacks and Hispanics than Whites. Conclusion: In the United States, race and ethnicity 
bound the health gains that follow educational attainment. While educational attainment helps individuals 
avoid environmental risk factors such as second-hand smoke, this is more valid for Whites than Blacks and 
Hispanics. The result is additional risk of cancer and tobacco-related disease in highly educated Blacks and 
Hispanics. The results are important given racial and ethnic minorities are the largest growing section of the 
US population. We should not assume that educational attainment is similarly protective across all racial and 
ethnic groups. In this context, educational attainment may increase, rather than reduce, health disparities.

Keywords: Population groups, Ethnicity, Race, Hispanics, Latinos, Whites, Blacks, African Americans, 
Socioeconomic position, Socioeconomic status, Education, Smoking, tobacco use, Second-hand smoke, 
work, Employment

Background
Tobacco is the leading preventable cause of disease 
and premature death in the United States.[1,2] 
About 480,000 Americans die from tobacco-related 
illnesses annually. In addition, more than 16 million 
Americans are impacted by diseases caused by 

smoking.[3-6] These cost the US more than $300 billion 
each year, which is composed of $170 billion and 
$156 billion for direct and indirect costs.[7]

Unfortunately, there is an unequal burden of 
tobacco use in the US. Despite a lower prevalence 
of smoking, Blacks and Hispanics are more likely 
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to be impacted by tobacco-related conditions and 
illnesses.[8] A higher burden of tobacco-related 
illnesses despite lower prevalence of tobacco use 
is in part due to high levels of second-hand smoke 
exposure in low socioeconomic status (SES) and 
racial and ethnic minority individuals,[9-12] in addition 
to a vulnerability[13] which is due to low trust and 
low access to treatment and the health care.[14-16] 
Despite the progress in reducing overall morbidity 
and mortality attributed to smoking, tobacco use has 
shifted from a mainstream behavior to a behavior 
which is mainly concentrated among marginalized 
populations defined by SES, race, and ethnicity. The 
existing economic and racial and ethnic gap in the 
burden of tobacco-related disease is a major threat 
to the progress that has been made thus far.
According to the Minorities’ Diminished Returns 
theory (MDRs),[17-19] at least some of the racial/
ethnic disparities are due to “less than expected” 
protective effects of SES indicators such as 
educational attainment.[17,20-22] The MDRs theory 
suggests that (a) racial/ethnic disparities in tobacco 
use are not all due to SES gaps but also due to 
differential health gains that follow high SES for 
Black and Hispanic populations, (b) the racial and 
ethnic gap in tobacco use widens at higher SES 
levels, and (c) there is a need to address racial/
ethnic disparities across all SES levels.[17-19] Some 
evidence suggests that MDRs also apply to tobacco 
use, meaning that high SES Blacks and Hispanics are 
more likely to use tobacco and alcohol, compared 
to high SES Whites.[23-26] We are, however, not aware 
of any previous studies on MDRs on second-hand 
smoke exposure.
We conducted this study to test whether race and 
ethnicity interact with educational attainment 
on workplace second-hand smoke exposure 
in American adults who were employed. We 
hypothesized that the protective effects of 
educational attainment against second-hand 
exposure are smaller for Blacks and Hispanics 
than Whites. MDRs are not because of groups’ or 
individuals’ characteristics, but rather are due to 
differential treatment by the society. The US labor 
market discriminates, and the society marginalizes 
and stigmatizes Blacks and Hispanics. As a result, 
highly educated Blacks and Hispanics are more likely 
to work in low-quality occupations that increase 
their exposure to a wide range of environmental 
exposures such as second-hand smoke. In addition, 
due to residential segregation, highly educated 
Blacks and Hispanics are more likely to live in unsafe 
poor areas that have poor job opportunities. Thus, 

educational attainment does not similarly protect 
the marginalized groups. This differential treatment 
becomes MDRs of educational attainment for 
Blacks and Hispanics.

Methods
Design and settings

This is a secondary analysis of the 2015 National 
Health Interview Survey (NHIS) data. Funded by 
the Centers for Disease Control (CDC), NHIS is one 
of the main national health surveys of Americans. 
Data were collected in 2015.

Data retrieval

We used publicly available NHIS data sets, 
downloaded from the NHIS/CDC website. We 
merged personal, individual, and cancer data 
sets, using the subject and family IDs. Although 
the NHIS 2015 includes 33,672 adults (from all 
race and ethnicities and including employed and 
non-employed), the current analysis only includes 
15,726 employed adults who were either White or 
Black.

Sample and sampling

The NHIS population was the civilian, non-
institutionalized US population, 18 years of age 
and older individuals in the US. The NHIS uses a 
multistage, clustered, and stratified area probability 
sample design.

Analytical sample

The current analysis is limited to adults who 
were either White or Black and had valid data on 
tobacco use. Our final analytical sample was 15,726 
employed White or Black adults.

Study variables

The study variables include demographic factors 
(age and gender), race, ethnicity, educational 
attainment (SES), and tobacco use, all measured at 
the individual level.

Demographic characteristics

Confounders were age and gender. Age was a 
continuous measure. Gender was a dichotomous 
variable (male 1 and female 0). Race was self-
identified as was either Blacks or Whites. Ethnicity 
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was self-identified and was Hispanics versus non-
Hispanics. Years at this job were measured as 
self-report and treated as a continuous measure, 
ranging from 0 to 36 years. Having more than one 
job was a dichotomous variable. Participants were 
asked if they were working on more than one job. 
Educational attainment was a continuous measure 
varying from 0 to 24 years. Marital status was self-
reported and included the following categories: 
(1) Married, (2) widowed, (3) divorced, (4) 
separated, (5) never married, and (6) living with 
partner. This variable was treated as a categorical 
(nominal) variable and married was regarded 
as the reference group. Region was a four-level 
categorical variable coded as below: (1) Northeast, 
(2) Midwest, (3) South, and (4) West. This variable 
was treated as a categorical (nominal) variable 
and Northeast was regarded as the reference 
group. The current smoking was measured using 
self-reported items that measured if the individual 
has smoked 100 cigarettes, smokes currently, and 
smokes daily. Affirmatory answer to all above 
items was required for the definition of current 
smokers.
Two outcomes in this study were any and daily 
workplace second-hand smoke exposures. The 
participants were asked “How often were your 
exposed to second-hand smoke at work, during the 
past 12 months?” Responses were (a) never, (b) less 
than twice a week, (c) twice a week or more, but 
not every day, and (d) every day. We recoded these 
categories to generate two separate outcomes: 
(1) Daily workplace second-hand smoke exposure 
and (2) any workplace second-hand smoke 
exposure.

Conceptual model

Built on the MDRs theory, we were mainly interested 
in the diminished returns of educational attainment 
on second-hand smoke exposure for non-Whites 
relative to Whites. We conceptualized the MDRS as 
interaction terms between race and ethnicity with 
educational attainment (SES).

Data analytical plan

We analyzed the data using the SPSS 23.0 (IBM 
Corporation, Armonk, NY, USA). Using SPSS 23.0, 
we were able to accommodate survey weights due 
to the design (e.g., stratification, clustering, and 
non-response). First, we examined the distribution 
of our categorical and continuous variables. Then, 

we used Spearman correlation tests to explore 
unadjusted correlations between the study 
variables. For multivariable analysis, we applied 
binary logistic regression. However, we first ruled 
out collinearity between independent variables. 
We ran models in the pooled sample.

Ethics

All adult participants in the NHIS provided written 
informed consent. NHIS is approved by the Research 
Ethics Review Board of the National Center for 
Health Statistics and the U.S. Office of Management 
and Budget.

Results
Descriptive statistics

This study included 15,726 American adults who 
were either White (13,327, 84.7%) or Black (2399, 
15.3%). Mean age of the participants was 43.4 
(standard deviation [SD] = 14.2) years. On average, 
participants had 15.8 years (SD = 2.8 years) as their 
educational attainment. Table 1 shows descriptive 
statistics of the overall sample [Table 1].

Bivariate analysis

Table 2 shows bivariate correlations between 
the study variables. Educational attainment was 
inversely correlated with any and daily second-hand 
smoke exposure. Ethnicity was not correlated with 
any and daily second-hand smoke exposure. Being 
Black was, however, positively correlated with any 
and daily second-hand smoke exposure [Table 2].

Multivariable models (Outcome: Any second-hand 
smoking exposure)

Table 3 presents the summary of the results of 
two logistic regression models with educational 
attainment as the independent variable and any 
second-hand smoking exposure as the dependent 
variable. Both models were estimated in the overall 
sample. Model 1 only entered the main effects 
of educational attainment, race, ethnicity, and 
covariates. Model 2 also added two interaction 
terms between race and ethnicity with educational 
attainment. Based on Model 1, high educational 
attainment was associated with lower odds of any 
workplace second-hand smoking exposure. Model 
2 showed significant interactions between race 
and ethnicity with educational attainment on any 
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second-hand smoking exposure, suggesting that 
high educational attainment has smaller protective 
effect against any workplace second-hand smoking 

exposure for Blacks and Hispanics than Whites. 
This was evident by the ORs larger than 1 for the 
interaction terms [Table 3].

Table 1: Descriptive statistics in the overall sample
Characteristics Mean SD
Age 43.4 14.2

Educational attainment 15.8 2.8

Work at the same job 8.4 9.1

Characteristics n %
Race

White 13,327 84.7

Black 2399 15.3

Ethnicity

Non-Hispanic 13,743 87.5

Hispanic 1955 12.5

Gender

Women 7957 50.6

Men 7769 49.4

Marital status

Married 7296 46.4

Widowed 430 2.7

Divorced 2279 14.5

Separated 449 2.9

Never married 4070 25.9

Living with partner 1173 7.5

Region

Northeast 2584 16.4

Midwest 3762 23.9

South 5604 35.6

West 3776 24.0

Work in more than one job

No 14,275 90.8

Yes 1431 9.1

Current smoker

Non-smoker 13,103 83.3

Smoker 2571 16.3

Second-hand smoke exposure (Any)

No 11,889 75.7

Yes 3820 24.3

Second-hand smoke exposure (Daily)

No 14,187 90.4

Yes 1509 9.6
Source of the National Health Interview Survey (NHIS 2015), SD: Standard deviation
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Multivariable models (Outcome: Daily 
second-hand smoking exposure)

Table 4 presents the summary of the results of 
two logistic regression models with educational 
attainment as the independent variable and daily 
workplace second-hand smoking exposure as the 
dependent variable. Both models were estimated in 
the overall sample. Model 3 only entered the main 
effects of educational attainment, race, ethnicity, 
and covariates. Model 4 also added two interaction 
terms between race and ethnicity with educational 
attainment. Based on Model 3, high educational 
attainment was associated with lower odds of daily 
second-hand smoking exposure. Model 4 showed 
significant interactions between race and ethnicity 
with educational attainment on daily second-hand 
smoking exposure, suggesting that high educational 
attainment has smaller protective effect against 
daily workplace second-hand smoking exposure for 
Blacks and Hispanics than Whites. This was evident 
by the odds ratio larger than 1 for the interaction 
terms [Table 4].

Discussion
The current study showed two main findings. 
First, overall, higher educational attainment was 
associated with lower odds of any and daily second-
hand smoking exposure at work. Second, race and 
ethnicity interacted with educational attainment, 
suggesting that educational attainment has smaller 
protective effects against any and daily second-
hand smoke exposure at workplace for Blacks and 
Hispanics than Whites.
Built on the MDRs, educational attainment better 
reduces risk of substance use for Blacks and 
Hispanics compared to Whites.[23,24,27,28] That is, 
highly educated Blacks and Hispanics remain at high 
level of tobacco and alcohol use compared to highly 
educated Whites. The current results suggest that 
in a similar pattern, highly educated Blacks and 
Hispanics also remain at high risk of exposure 
to second-hand smoke. That is, highly educated 
Blacks and Hispanics stay at risk of tobacco-related 
disease, directly, and indirectly, through multiple 
mechanisms.
The additional health risk of high SES Blacks and 
Hispanics is previously described by the MDRs 
theory.[17-19] Similar patterns are shown for the 
associations between a wide range of SES indicators 
and health outcomes. The effects of education and 
other SES indicators on obesity,[29] depression,[30] Ta
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anxiety,[31] self-rated health,[32] and chronic 
disease[33] are all smaller for Blacks and Hispanics 
than Whites.
Smaller effects of educational attainment on any 
and daily second-hand smoking exposure at work 
may be due to multiple factors. Due to residential 
segregation, highly educated Blacks and Hispanics 
still are more likely to live in predominantly Black 
and Hispanic areas, which have scarce employment 
opportunities. Due to labor market discrimination 
as well as job segregation, highly educated Blacks 
and Hispanics are less likely to get high paying jobs. 
Segregation also reduces quality of education in 

Black and Hispanic areas, and quality of education 
is one of the many determinates of type and quality 
of occupation. As a result, the solution is not limited 
to the individual but should address structural 
and institutional factors that shape MDRs as a 
mechanism behind health disparities.
Pervasive disparities in the burden of tobacco use 
by race/ethnicity[16,34-37] and SES[38-40] exist in the US. 
Despite the overall decline in tobacco use, disparities 
by SES have increased.[40-42] Between 1966 and 2015, 
smoking declined by 83% in individuals with college 
degree, while the decline for individuals without 
high school diploma was almost half (40%).[4] A large 

Table 3: Summary of logistic regression models on any workplace second-hand smoke 
exposure in the pooled sample
Characteristics OR 95% CI P OR 95% CI P

Model 1 
(Main Effects)

Model 2 (Model 
1 + Interactions)

Race (Blacks) 1.19 1.07 1.33 0.002 0.44 0.24 0.83 0.011

Ethnicity (Hispanics) 0.72 0.64 0.82 0.000 0.15 0.09 0.25 <0.001

Gender (Male) 2.08 1.92 2.25 0.000 2.08 1.92 2.26 <0.001

Age (Years) 0.98 0.98 0.99 0.000 0.98 0.98 0.99 <0.001

Educational attainment (Years) 0.92 0.91 0.93 0.000 0.88 0.86 0.90 <0.001

Marital status 0.073 0.143

Married

Widowed 1.10 0.84 1.44 0.483 1.08 0.82 1.41 0.586

Divorced 1.15 1.02 1.30 0.022 1.13 1.01 1.28 0.040

Separated 1.02 0.81 1.30 0.854 1.02 0.80 1.29 0.875

Never married 1.11 1.01 1.23 0.038 1.11 1.00 1.22 0.054

Living with partner 1.22 1.05 1.41 0.009 1.20 1.03 1.39 0.016

Unknown 1.10 0.38 3.14 0.861 1.08 0.38 3.07 0.890

Region 0.005 0.003

Northeast 1.00

Midwest 1.03 0.91 1.17 0.593 1.02 0.90 1.16 0.722

South 1.03 0.91 1.15 0.681 1.02 0.91 1.15 0.697

West 1.20 1.06 1.36 0.004 1.21 1.07 1.37 0.003

Years in the same job 1.00 1.00 1.01 0.121 1.00 1.00 1.01 0.149

Working in more than a job 1.24 1.09 1.42 0.001 1.25 1.10 1.43 0.001

Smoker current 2.78 2.53 3.05 0.000 2.68 2.43 2.94 <0.001

Race x Educational attainment 1.07 1.02 1.11 0.002

Ethnicity x educational 
attainment

1.12 1.08 1.15 <0.001

Constant 1.15 0.376 2.30 <0.001

Source of the National Health Interview Survey (NHIS 2015). CI: Confidence interval; SE: Standard error; OR: Odds ratio
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proportion of such disparities may not be due to 
individuals making poor choices but higher exposure 
due to predatory marketing.[43-45] In addition to 
the predatory marketing, flavoring, point-of-sale 
advertising, retail display, coupons, and discounts,[46], 
racial and ethnic minorities and low SES individuals are 
also at an increased risk of second-hand exposure.[10]

There is a need for policies at both national and 
local levels that can reduce the racial/ethnic and 
SES tobacco disparities, particularly those that are 
caused by MDRs.[19,23,24,28,29,31,47-50] There is a need to 

study how point of sale advertisement, discounts, 
coupons, and flavoring result in MDRs for tobacco 
use[23,24] and how some of these marketing strategies 
disproportionately target low SES Black and 
Hispanic[23,24,27,28] communities. To undo racial and 
ethnic disparities in tobacco use, there may be a need 
to ban predatory marketing in low-income areas.

Implications

The results may have some policy and public 
health implications. There is a need for conducting 

Table 4: Summary of logistic regression models on daily workplace second-hand smoke 
exposure in the pooled sample
Characteristics OR 95% CI P OR 95% CI P

Model 3 
(Main Effects)

Model 4 (Model 
3 + Interactions)

Race (Blacks) 1.22 1.04 1.43 0.017 0.39 0.16 0.91 0.029

Ethnicity (Hispanics) 0.60 0.49 0.74 0.000 0.14 0.07 0.27 <0.001

Gender (Male) 1.97 1.75 2.23 0.000 1.98 1.75 2.23 <0.001

Age (Years) 0.98 0.98 0.99 0.000 0.98 0.98 0.99 <0.001

Educational attainment 
(Years)

0.88 0.86 0.90 0.000 0.84 0.82 0.86 <0.001

Marital status 0.038 0.058

Married

Widowed 1.19 0.79 1.80 0.396 1.17 0.77 1.76 0.458

Divorced 1.22 1.02 1.45 0.031 1.20 1.01 1.44 0.043

Separated 1.21 0.87 1.67 0.258 1.20 0.87 1.66 0.272

Never married 1.08 0.92 1.26 0.354 1.08 0.92 1.26 0.354

Living with partner 1.34 1.09 1.64 0.005 1.32 1.08 1.62 0.007

Unknown 2.74 0.82 9.12 0.101 2.71 0.82 8.98 0.103

Region 0.373 0.378

Northeast

Midwest 1.08 0.90 1.31 0.41 1.07 0.89 1.30 0.476

South 1.17 0.98 1.40 0.091 1.17 0.97 1.40 0.096

West 1.08 0.89 1.32 0.426 1.09 0.89 1.32 0.400

Years in the same job 1.00 0.99 1.01 0.989 1.00 0.99 1.01 0.987

Working in more than 
a job

1.04 0.85 1.28 0.688 1.05 0.86 1.29 0.623

Smoker (Current) 6.43 5.71 7.25 0.000 6.22 5.51 7.01 <0.001

Race x Educational 
attainment

- - - - 1.08 1.02 1.14 0.008

Ethnicity x Educational 
attainment

- - - - 1.12 1.06 1.17 <0.001

Constant 0.52 0.004 1.04 0.897
Source of the National Health Interview Survey (NHIS 2015). CI: Confidence interval; SE: Standard error; OR: Odds ratio
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“impact analysis” of tobacco control policies, 
smoke-free laws, and marketing regulatory laws 
on disparities in exposure to second-hand smoke 
across social groups based on race, ethnicity, and 
SES. There is a need to conduct additional studies 
that can help us understand why race/ethnicity 
by SES people becomes susceptible to tobacco-
related illnesses. The results may help with the 
development of public, economic, and tobacco 
policies that can eliminate tobacco-related 
disparities, particularly those that are based on 
race, ethnicity, and SES. These are all strategic 
priorities for the Food and Drug Administration 
(FDA) and National Institutes of Health (NIH). 
Setting more restrictive national policies that 
tighten tobacco regulations are shown to be 
acceptable by the US public.[51] This is promising 
and emphasizes such policies will not be found 
against their autonomy.[51] Such large-scale 
policies may be more effective than individual-
level interventions that overemphasize individual 
choices (focus on behavioral change of individuals 
through motivation).[51]

Limitations

This study had some methodological limitations. 
The cross-sectional design of our data does 
not allow causal inferences. The outcome was 
measured using single-item measure. We only 
measured workplace second-hand exposure. 
Sample size was imbalanced across race and ethnic 
groups. Many SES indicators such as income, 
employment, and marital status were missing. This 
study did not measure health and depression. This 
study was limited to individual-level SES and future 
research could also include area-level SES. Despite 
these limitations, we believe this study still makes a 
contribution to literature.

Conclusion
In the United States, educational attainment is 
expected to reduce environmental exposures 
such as second-hand smoke at work; however, 
this gain depends on race and ethnicity. In the 
US, race/ethnicity bounds the health gains that 
follow educational attainment. While highly 
educated Whites are exposed to lowest levels 
of workplace second-hand smoking exposure, 
Blacks and Hispanics gain least from their 
educational attainment. As a result, we should 
expect additional risk of tobacco-related illnesses 

in highly educated middle-class Blacks and 
Hispanics. Policy-makers should not assume 
SES similarly protect all social groups against 
environmental exposures such as any and daily 
second-hand smoking exposure. Policy-makers 
and researchers should also try to reduce health 
disparities to low SES but also mechanisms that 
operate across all SES levels. Health disparities 
are also a problem with middle-class Blacks and 
Hispanics, which is one of the major growing 
sections of the US population.
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