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Abstract

Introduction—Prior studies have found considerable racial and ethnic disparities in secondhand
smoke (SHS) exposure. Although a number of individual-level determinants of this disparity have
been identified, contextual determinants of racial and ethnic disparities in SHS exposure remain
unexamined. The objective of this study was to examine disparities in serum cotinine in relation to
area-level income inequality among 14 649 children from the National Health and Nutrition
Examination Survey.

Methods—We fit log-normal regression models to examine disparities in serum cotinine in
relation to Metropolitan Statistical Areas level income inequality among 14 649 nonsmoking
children aged 3-15 from the National Health and Nutrition Examination Survey (1999-2012).

Result—Non-Hispanic black children had significantly lower serum cotinine than non-Hispanic
white children (-0.26; 95% CI: —0.38, —0.15) in low income inequality areas, but this difference
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was attenuated in areas with high income inequality (0.01; 95% CI: -0.16, 0.18). Serum cotinine
declined for non-Hispanic white and Mexican American children with increasing income
inequality. Serum cotinine did not change as a function of the level of income inequality among
non-Hispanic black children.

Conclusions—We have found evidence of differential associations between SHS exposure and
income inequality by race and ethnicity. Further examination of environments which engender
SHS exposure among children across various racial/ethnic subgroups can foster a better
understanding of how area-level income inequality relates to health outcomes such as levels of
SHS exposure and how those associations differ by race/ethnicity.

Implications—In the United States, the association between children’s risk of SHS exposure and
income inequality is modified by race/ethnicity in a manner that is inconsistent with theories of
income inequality. In overall analysis this association appears to be as predicted by theory.
However, race-specific analyses reveal that higher levels of income inequality are associated with
lowerlevels of SHS exposure among white children, while levels of SHS exposure among non-
Hispanic black children are largely invariant to area-level income inequality. Future examination
of the link between income inequality and smoking-related health outcomes should consider
differential associations across racial and ethnic subpopulations.

Introduction

Despite significant declines during the past two decades in the prevalence of US youth
exposed to secondhand smoke (SHS) from burning tobacco products,!2 exposure to SHS
remains highly prevalent. In the United States, 41% of children (aged 3-11) and 34% of
adolescents (aged 12-19) were exposed to SHS (as indicated by serum cotinine levels =0.05
ng/mL) from 1999 to 2012.3 This translates to approximately 15.1 million children and 9.6
million nonsmoking adolescents who are exposed to SHS. Consistency, strength, and
specificity of the evidence linking SHS exposure with elevated risk of poor health
outcomes,*=9 as well as biologic plausibility of this association, 9 has led the Surgeon
General to declare the SHS-disease association to be causal.l!

Prior studies have found considerable racial and ethnic disparities in SHS exposure, with the
prevalence of SHS exposure highest among black, non-Hispanics (46.8%), followed by
Mexican American (23.9%) and white, non-Hispanic (21.8%) populations.3 Racial and
ethnic disparity in SHS exposure extend to serum cotinine concentrations among children
and adolescents. Compared to non-Hispanic white children and nonsmoking adolescents,
serum cotinine levels are significantly higher among non-Hispanic black children and
nonsmoking black adolescents.1213 Although a number of individual-level determinants of
this disparity have been identified,14-16 contextual determinants of racial and ethnic
disparities in SHS remain unexamined. However, it is generally accepted that the extent of
disparities in health and health behaviors, although multifactorial, are associated with
structural features of communities.’

Prior research has suggested that income inequality is a key structural feature of
communities and an important determinant of health.18:19 Despite some controversy,20-22
evidence suggests income inequality is associated with poor health outcomes as well as risky
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health behaviors.23-27 In fact, Pickett and Wilkinson28 have argued that the evidence linking
income inequality and poor health meets epidemiologic criteria for causality. Experimental
evidence supports the notion of a causal association between income inequality and health.2°

Multiple pathways between income inequality and health have been described, which largely
fall within two theoretical perspectives, the neo-materialist and the psychosocial.30
According to the neo-materialist perspective, economic stratification, related to income
inequality, often leads to concentration of poverty in relatively small and well defined
areas®! which then experience disinvestment in economic, social, educational, and physical
resources; factors which in turn are related to poor health outcomes.32-36 |n contrast, the
psychosocial perspective explains the association between income inequality and health in
terms of individual-level consequences of (objective or perceived) relative deprivation and
resultant stress which can negatively affect health.37-42

The closest line of research to the present investigation is found in the only three studies that
have examined the association between smoking and income inequality as measured by the
Gini index with findings generally supportive of a positive association between income
inequality and prevalence of smoking within larger geographies such as US states*3 and
across nations.** However, when examined at the county-level, a more nuanced association
emerges. Among adolescents (mean age 15), higher income inequality at the county-level
predicted elevated prevalence of smoking among white and Hispanic boys but not among
African Americans or girls.*® Importantly, all three studies relied on self-reported measures
of smoking, and did not examine exposure to SHS.

We conducted the first investigation of the association between income inequality and racial
and ethnic disparities in SHS exposure among a nationally representative sample of
nonsmoking children.

Materials and Methods

Study Population

We analyzed data from the National Health and Nutrition Examination Survey (NHANES)
for 1999-2012. NHANES is a nationally representative survey of the civilian,
noninstitutionalized US population with data collected yearly and released in 2-year survey
cycles since 1999-2000, consisting of a household interview and subsequent examination
component, which includes laboratory testing.#6 Response rates for the examination
component during this time period ranged from 78% to 88% for children between 1 and 15
years of age.4” Analyses were restricted to 14 649 nonsmoking children aged 3-15 years
(serum cotinine is not assessed for children younger than 3 years of age).

Individual Measures

The outcome variable of interest was serum cotinine (ng/mL), which was measured using an
isotope dilution high performance liquid chromatography/atmospheric pressure chemical
ionization tandem mass spectrometry.48 Of children in the sample, 1915 (16%) had cotinine
values below the limits of detection; these children were assigned a value of 0.011 ng/mL,
which is the detection limit divided by the square root of two.#8 Children aged 3-11 years
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were defined to be nonsmokers if their serum cotinine was below 10 ng/mL. Youth aged 12—
15 years were defined to be nonsmokers if their serum cotinine was below 10 ng/mL and

they reported no tobacco or nicotine use in the past 5 days; the latter question was not asked
of children less than 12 years old.*8 Respondents with missing data for household income or
country of birth (6%) were excluded from multivariate analyses leaving 13 706 respondents.

Additional covariates included the 2-year cycle; sex; country of birth (US born, not US
born); age in years (3-5, 6-11, or 12-15); race/ethnicity, household size (number of persons)
and family income-to-poverty ratio (IPR). For this analysis, we categorized race/ethnicity as
Mexican American; non-Hispanic white; non-Hispanic black; and Other (the “Other”
category includes “other Hispanic,” “other race,” and “multi-racial”; this subgroup was
included in the analysis but results are not reported due to the small number of participants
and racial/ethnic heterogeneity of this subgroup, consistent with NHANES analytic
guidelines.*6 Family IPR is calculated as the ratio of family income to the federal poverty
threshold (FPT). Household smoking is defined as an affirmative answer to the question,
“does anyone smoke in the home”; these household respondents are also asked to estimate
the total number of cigarettes smoked in the home per day.

Area-Level Measures

For each Metropolitan Statistical Areas (MSAS), we calculated the Gini income inequality
coefficient using Census 2000 income and population data. The Gini index, G, is calculated
as

G=1-> pi(g+q-1)

where g; is the proportion of the population in the i’th income category, g; is the proportion
of all incomes that fall in the i’th income category or below, and the sum is over all the
income categories. The Gini index ranges between 0 and 1, where 0 means complete
equality and 1 means perfect inequality. Due to the non-normal distribution of the Gini
index, and to avoid assuming a linear relationship with serum cotinine, the MSA-level Gini
index for all the NHANES individuals surveyed, including children and adults, and smokers
and nonsmokers, were grouped into three tertiles for these analyses. We used inequality at
the MSA level because it is a lower-level of geography than prior studies that have used
state-level inequality, while using counties as the unit of analysis may not capture the
income inequality between suburbs and urban cores. By contrast, MSAs represent
economically and socially integrated clusters of outlying counties around urban cores, thus
representing a set of discrete regional housing and labor markets.49-50

To examine associations between income inequality and economic stratification, we
examined the percent of residents below the FPT at the tract level, obtained from the 2000
US decennial census data. Census tracts have relatively homogeneous populations, and are
commonly used to examine contextual-level exposures and health outcomes.51:52

Nicotine Tob Res. Author manuscript; available in PMC 2018 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shenassa et al.

Analyses

Results

Page 5

Area-level measures were linked with NHANES respondents based on the nonpublic use
NHANES data with geographic identifiers (eg, census tract Federal Information Processing
Standard [FIPS] code).

Two statistical models were fitted to the data. Model A regressed serum cotinine against
income inequality (ie, Gini index) tertile. Informed by prior works,1214.16.17 we controlled
for NHANES cycle, race/ethnicity (non-Hispanic white, non-Hispanic black, Mexican
American and “other”), age (3-5 years, 6-11 years and 12-15 years), sex, country of birth
(US born or not), household size, and family IPR. Model B added an interaction term
between race/ethnicity and income inequality tertile to compare these race/ethnicity
differences in serum cotinine between the income inequality tertiles for children of the same
age group, sex, household income level, and NHANES cycle. Estimates and confidence
intervals (Cls) for differences in serum cotinine adjusted for the NHANES cycle and
included covariates were calculated using NHANES survey weights and design-based
variance estimation to account for the survey design. Log-normal regression models were
used to account for the skewed distribution of serum cotinine. Marginal effects were
obtained following the second set of models, these estimates refer to the change in serum
cotinine (on the original scale) associated with a one-unit increase in a given covariate, or in
the case of race/ethnicity, the difference in serum cotinine between a given group and the
reference group (non-Hispanic white). All analyses were performed using Stata SE (version
12.1) survey commands to account for the complex, stratified, multistage sample design and
the applicable Mobile Examination Center person-level survey weights for each survey
cycle, appropriately scaled given the combining of several survey cycles, were used to
account for oversampling, noncoverage and nonresponse.

In post hoc analyses, we explored associations between income inequality and economic
stratification by race/ethnicity by examining how the prevalence of tract-level poverty rates
and family income level (IPR) differ by income inequality tertile, and whether these patterns
vary by race/ethnicity. Additionally, we explored MSA-level income inequality in relation to
level of reported household smoking (ie, number of cigarettes smoked in the home per day).

Descriptive characteristics of our study sample appear in Table 1. Approximately 82% of
nonsmoking children aged 3-15 reportedly resided in nonsmoking households. The median
and mean levels of serum cotinine were highest for non-Hispanic black children. Overall,
cotinine levels were lowest for Mexican American children.

There were significant differences in serum cotinine levels as a function of MSA-level
income inequality (Table 2). Overall, serum cotinine levels “decrease” as income inequality
increases. Adjusted differences in nonsmoking children’s cotinine levels compared to the
reference category of non-Hispanic white children are reported in Table 3. After controlling
for individual- and household-level demographic measures, non-Hispanic black and
Mexican American children had significantly lower average levels of serum cotinine than
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non-Hispanic white children (adjusted differences: —0.22; 95% CI: —-0.30, —-0.13; and
adjusted differences: —0.52; 95% CI: —0.61, —0.43, respectively).

Race—Ethnic Comparisons by MSA Income Inequality

Relative to non-Hispanic white children, non-Hispanic black children had lower serum
cotinine levels in areas with low income inequality; however, this difference was not found
in areas with moderate or high income inequality (Table 3). More specifically, within areas
with low income inequality, non-Hispanic black children had significantly lower serum
cotinine concentrations than non-Hispanic white children (-0.26; 95% CI: -0.38, —0.15).
Within areas with moderate income inequality, this difference in serum cotinine levels
between black and white children was less pronounced (-0.16; 95% CI: —0.33, 0.01). Within
areas with high income inequality, average serum cotinine levels for non-Hispanic black and
non-Hispanic white children were no different (0.01; 95% CI: —0.16, 0.18). In contrast,
cotinine concentrations remained significantly lower among Mexican American compared to
non-Hispanic white children in all areas, this difference was least pronounced within areas
of high income inequality (-0.32; 95% CI -0.46, —0.18).

We further examined race-specific marginal changes in children’s serum cotinine
concentrations across Gini tertiles (Table 4). For both non-Hispanic white and Mexican
American children we observed a pattern of “decreasing” serum cotinine levels with
increasing income inequality. In contrast, serum cotinine levels of non-Hispanic black
children did not significantly change as a function of the level of income inequality. When
contrasting serum cotinine levels across race—ethnic groups, the decrease in average cotinine
levels with increasing income inequality is approximately seven times more pronounced
among white children (-0.31 ng/mL; p < .01) than among black children. In contrast,
Mexican American children’s decrease in serum cotinine levels between low-versus high-
inequality areas (—0.13 ng/mL) was not significantly different from that of non-Hispanic
white children (ie, Diff.: 0.18; p=.056).

In post hoc analyses, we explored associations between income inequality and tract-level
poverty rates and family income level (IPR), and whether these patterns vary by race/
ethnicity. In the United States, tract-level poverty rates declined for non-Hispanic white
children from 11% (95% CI: 10%-12%) in the lowest-inequality tertile to 7% (95% CI: 6%—
8%) in the highest income inequality tertile, a significant decline (o < .001). For non-
Hispanic black children, their experience of tract-level poverty is more stable across the
inequality tertiles: the decline of 3 percentage points (from 22% to 19%) in the prevalence of
poverty is not significantly different from zero (o =.09). For Mexican American children,
the experience of tract-level poverty was stable (18%) across the MSA-level income
inequality tertiles. These same patterns hold for family IPR. The mean family IPR among
non-Hispanic white children is 1.16 units higher among children residing in the highest
inequality tertiles compared to the lowest (IPR = 3.63 vs. 2.48, p < .001). Among non-
Hispanic black children, the mean family IPR is only 0.59 units higher in the high-inequality
MSAs compared to the low (IPR = 2.00 vs. 1.42, p< .001). Among Mexican American
children, there are no differences in the mean family IPR across the income inequality
tertiles. Thus, residence in MSAs characterized by high income inequality is associated with
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lower levels of tract-level poverty and higher family IPR among non-Hispanic white
children. For non-Hispanic black children and Mexican American children, however, the
experience of tract-level poverty is largely unassociated with MSA-level income inequality.
Moreover, for non-Hispanic black children, family income levels increase to a smaller extent
across the income inequality tertiles as compared to non-Hispanic white children; for
Mexican American children, family income levels do not change across MSA income
inequality tertiles.

Finally, while models did not include household smoking as a covariate, as this would be
controlling for a mediator,1 we did examine levels of household smoking in relation to
MSA income inequality tertile and race/ethnicity in post hoc analyses. Consistent with the
main findings for serum cotinine, we found that the average number of cigarettes reportedly
smoked in the home declined with higher levels of MSA income inequality to a greater
extent for non-Hispanic white children (4.17 cigarettes/day in the lowest income inequality
tertile vs. 1.80 cigarettes/day in the highest tertile; decrease of 2.37, p<.0001) than for non-
Hispanic black children (2.59 cigarettes/day in the lowest inequality tertile vs. 1.63
cigarettes/day in the highest tertile; decrease of 0.96, p < .025). Average cigarettes smoked
per day in the home was 1.13 for Mexican American children in the lowest inequality tertile,
decreasing to 0.20 per day in the highest inequality tertile (decrease of 0.93 p< .001).

Discussion

We conducted the first study of the association between MSA-level income inequality and
racial and ethnic disparities in serum cotinine, an objective measure of SHS exposure among
nonsmoking children. We found that In the United States, metropolitan areas characterized
by low income inequality, both non-Hispanic black and Mexican American children have
significantly lower levels of SHS exposure than non-Hispanic white children. This
association dissipates with rising income inequality, such that in areas with high income
inequality, there is no difference in the level of SHS exposure between black and white
children and there is a smaller relative advantage among Mexican American children.
Dissolution of this difference among blacks and the reduction in the difference among
Mexican Americans as a function of rising income inequality appears to be in accord with
the theory of income inequality. However, race-specific analyses revealed that dissolution of
non-Hispanic black’s relative advantage is not due to an increase in SHS exposure levels
among this population, as would be expected by theory of income inequality. Rather, this
effect is due to a decline in cotinine concentrations of non-Hispanic whites with increasing
income inequality. Likewise, reduction in the difference for Mexican American children is
primarily due to the decline in cotinine concentrations of white children with increasing
income inequality. These serum cotinine patterns are confirmed in that the average number
of cigarettes reportedly smoked in the home declined with higher levels of income inequality
to a greater extent for non-Hispanic white than for non-Hispanic black or Mexican American
households.

Our findings regarding differential association between area-level income inequality and
SHS among racial and ethnic subgroups are in accord with two lines of extant evidence.
First, our observation that Mexican American children have the lowest SHS exposure across
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all tertiles of income inequality is in agreement with the literature on Hispanic paradox.>3:54
Second, in the only study of income inequality and smoking among youth conducted within
the relatively small geography of counties, Mistry et al.#® results indicated that risk of
smoking among black youth were unrelated to income inequality. Furthermore, the only
studies of income inequality as assessed by the Gini index, which have conducted race
specific analyses, and controlled for individual-level covariates have reported that the crude
association between income inequality and health outcomes for black respondents is reduced
to null after adjustment for individual-level variables.>5>¢ Recently, Nuru-Jeter et al.5” noted
that “a criticism, which has received relatively little attention, is that tests of the income
inequality hypothesis fail to assess the role of race and/or ethnicity...” (p.436). In their
study, which used three measures of income inequality, including the Gini coefficient, these
authors found a positive association between income inequality and mortality among blacks
but an inverse association among white children. In sum, our findings describe no
association between income inequality and levels of SHS exposure among black children
and a negative association among white children. Collectively, our findings and prior studies
suggest that associations between income inequality and health outcomes are likely to be
race-specific.

In regards to practical implications of our findings, since there are no safe levels of SHS
exposure, 11 continued efforts to reduce SHS exposure remain a public health
imperative.58:59 While it is unclear how various efforts to reduce SHS exposure may have
had differential impacts across various subpopulations, there is some evidence that there are
differences by race/ethnicity in the coverage of comprehensive smoke-free laws.>8
Moreover, higher education and higher SES communities are more likely to adopt smoke-
free laws than lower-education or lower SES communities, though there are differences in
these patterns by geographic region as well.>® To our knowledge, there have been no
examinations of how the implementation and coverage of various tobacco control policies
may vary by area-level income inequality. Nevertheless, regional and race/ethnicity-related
differences in the implementation and coverage of tobacco control policies may be
connected to area-level socioeconomic factors,?859 and it remains to be seen how income
inequality relates to these patterns and disparities. Further examination of these complex
pathways and environments as they relate to the sources of SHS exposure among children
across various racial/ethnic subgroups can foster a better understanding of how area-level
income inequality relates to health outcomes such as levels of SHS exposure and how those
associations differ by race/ethnicity.

Our findings should be considered in the context of our study’s strengths and weaknesses.
This is the only study of income inequality and SHS conducted among a nationally
representative sample with a wide age range of respondents as young as 3 years using an
objective measure of SHS. Our work also adds to the sparse literature on race-specific
associations between income inequality and health. As for shortcomings, the temporal
discrepancy between when income inequality was assessed (based on the 2000 decennial
census) may lead to attenuation of these associations over time as residence in a given tertile
of income inequality might be misclassified, and the degree of this misclassification would
be greater in the later survey cycles due to the time elapsed since the 2000 census. As with
other studies that have relied on administratively defined geographic units, findings may
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differ based on how geographic units are defined. Additionally, while we explored area-level
income inequality consistent with a neo-materialist approach, it remains to be seen how
accounting for individual-level perceptions of relative inequality, such as that described by
the psychosocial theory of inequality, would influence our findings. Finally, we note that
these observed epidemiologic associations do not allow causal inference, so results should
be interpreted with caution.

In conclusion, we have found evidence of differential associations between income
inequality and SHS by race/ethnicity. Specifically, findings suggest a stronger association
between area-level socioeconomic factors such as income inequality and levels of SHS
exposure among non-Hispanic white children, as compared to both non-Hispanic black and
Mexican American children, whose levels of exposure to SHS are largely invariant to area-
level income inequality. Future examination of the link between income inequality and
smoking-related health outcomes should consider differential associations across racial and
ethnic subpopulations.

Acknowledgments

Funding

This work was supported by an EPA Contract (EP-C-09-009 WA 2-06) with EDS.

References

1. Pirkle JL, Bernert JT, Caudill SP, Sosnoff CS, Pechacek TF. Trends in the exposure of nonsmokers
in the U.S. population to secondhand smoke: 1988-2002. Environ Health Perspect. 2006; 114(6):
853-858. DOI: 10.1289/ehp.8850 [PubMed: 16759984]

2. Yao T, Sung HY, Wang Y, Lightwood J, Max W. Sociodemographic differences among U.S. children
and adults exposed to secondhand smoke at home: National Health Interview Surveys 2000 and
2010. Public Health Rep. 2016; 131(2):357-366. [PubMed: 26957671]

3. Homa DM, Neff LJ, King BA, et al. Vital signs: disparities in nonsmokers’ exposure to secondhand
smoke—United States, 1999-2012. MMWR Morb Mortal WKkly Rep. 2015; 64(4):103-108.
www.nchi.nlm.nih.gov/pubmed/25654612. Accessed August 5, 2015. [PubMed: 25654612]

4. Gergen PJ, Fowler JA, Maurer KR, Davis WW, Overpeck MD. The burden of environmental
tobacco smoke exposure on the respiratory health of children 2 months through 5 years of age in the
United States: Third National Health and Nutrition Examination Survey, 1988 to 1994. Pediatrics.
1998; 101(2):E8.doi: 10.1542/peds.101.2.e8

5. CalEPA. Proposed Identification of Environmental Smoke as a Toxic Air Contaminant Part B:
Health Effects. Sacramento, CA: California environmental protection agency; 2005.

6. Mannino DM, Moorman JE, Kingsley B, Rose D, Repace J. Health effects related to environmental
tobacco smoke exposure in children in the United States. Arch Pediatr Adolesc Med. 2001; 155(1):
36-41. [PubMed: 11177060]

7. Mitchell EA, Milerad J. Smoking and the sudden infant death syndrome. Rev Environ Health. 2006;
21(2):81-103. [PubMed: 16898673]

8. Park S, Cho S-C, Hong Y-C, et al. Environmental tobacco smoke exposure and children’s
intelligence at 8-11 years of age. Environ Health Perspect. 2014; 122(10):1123-1128. DOI:
10.1289/ehp.1307088 [PubMed: 24911003]

9. Chen R, Clifford A, Lang L, Anstey KJ. Is exposure to secondhand smoke associated with cognitive
parameters of children and adolescents?-a systematic literature review. Ann Epidemiol. 2013;
23(10):652-661. DOI: 10.1016/j.annepidem.2013.07.001 [PubMed: 23969303]

10. NRC. Environmental Tobacco Smoke: Measuring Exposures and Assessing Health Effects.

Washington, DC: National Academy Press; 1986.

Nicotine Tob Res. Author manuscript; available in PMC 2018 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shenassa et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Page 10

USDHHS. The Health Consequences of Involuntary Exposure to Tobacco Smoke: A Report of the
Surgeon General. Atlanta, GA: U.S. Dept. of Health and Human Services, Centers for Disease
Control and Prevention, Coordinating Center for Health Promotion, National Center for Chronic
Disease Prevention and Health Promotion, Office on Smoking and Health; 2006.

Singh GK, Siahpush M, Kogan MD. Disparities in children’s exposure to environmental tobacco
smoke in the United States, 2007. Pediatrics. 2010; 126(1):4-13. DOI: 10.1542/peds.2009-2744
[PubMed: 20587673]

CDC. Disparities in Secondhand Smoke Exposure—United States, 1988-1994 and 1999-2004.
MMWR. 2008; 57(9):744—747. http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.
300.9.1019. Accessed September 4, 2014. [PubMed: 18614993]

Orton, S., Jones, LL., Cooper, S., Lewis, S., Coleman, T. Predictors of children’s secondhand
smoke exposure at home: a systematic review and narrative synthesis of the evidence. In: Lin, ZC.,
editor. PLoS One. Vol. 9. 2014. p. 112690

Mason J, Wheeler W, Brown MJ. The economic burden of exposure to secondhand smoke for child
and adult never smokers residing in U.S. public housing. Public Heal Reports (Washington, DC
1974). 2015; 130(3):230-244.

Agaku IT, Singh T, Rolle I, Olalekan A-Y, King BA. Prevalence and determinants of secondhand
smoke exposure among middle and high school students. Pediatrics. 2016; 137(2):1-9. DOI:
10.1542/peds.2015-1985

Pickett KE, Pearl M. Multilevel analyses of neighbourhood socioeconomic context and health
outcomes: a critical review. J Epidemiol Community Health. 2001; 55(2):111-122. [PubMed:
11154250]

Lynch JW. Income inequality and mortality: importance to health of individual income,
psychosocial environment, or material conditions. BMJ. 2000; 320(7243):1200-1204. DOI:
10.1136/bmj.320.7243.1200 [PubMed: 10784551]

Wilkinson G. Health inequalities: relative or absolute material standards? Br Med J. 1997;
314(7080):591-595. [PubMed: 9055723]

Subramanian SV, Kawachi I. Commentary: chasing the elusive null-the story of income inequality
and health. Int J Epidemiol. 2007; 36(3):596-599. DOI: 10.1093/ije/dym102 [PubMed: 17557781]
Lynch J, Smith GD, Harper S, et al. Is income inequality a determinant of population health? part
1. a systematic review. Milbank Q. 2004; 82(1):5-99. [PubMed: 15016244]

Lynch J, Smith GD, Harper S, Hillemeier M. Is income inequality a determinant of population
health? part 2. U.S. national and regional trends in income inequality and age- and cause-specific
mortality. Milbank Q. 2004; 82(2):355-400. [PubMed: 15225332]

Subramanian SV, Kawachi I. Income inequality and health: what have we learned so far?
Epidemiol Rev. 2004; 26:78-91. DOI: 10.1093/epirev/mxh003 [PubMed: 15234949]

Kondo N, Sembajwe G, Kawachi I, van Dam RM, Subramanian SV, Yamagata Z. Income
inequality, mortality, and self rated health: metaanalysis of multilevel studies. BMJ. 2009;
339:b4471.doi: 10.1136/bmj.b4471 [PubMed: 19903981]

Subramanian SV, Kawachi I. Whose health is affected by income inequality? a multilevel
interaction analysis of contemporaneous and lagged effects of state income inequality on
individual self-rated health in the United States. Health Place. 2006; 12(2):141-156. DOI:
10.1016/j.healthplace.2004.11.001 [PubMed: 16338630]

Backlund E, Rowe G, Lynch J, Wolfson MC, Kaplan GA, Sorlie PD. Income inequality and
mortality: a multilevel prospective study of 521 248 individuals in 50 US states. Int J Epidemiol.
2007; 36(3):590-596. DOI: 10.1093/ije/dym012 [PubMed: 17363395]

Truesdale BC, Jencks C. The health effects of income inequality: averages and disparities. Annu
Rev Public Health. 2016; 37(1):413-430. DOI: 10.1146/annurev-publhealth-032315-021606
[PubMed: 26735427]

Pickett KE, Wilkinson RG. Income inequality and health: a causal review. Soc Sci Med. 2015;
128:316-326. DOI: 10.1016/j.socscimed.2014.12.031 [PubMed: 25577953]

Undurraga EA, Behrman JR, Leonard WR, Godoy RA. The effects of community income
inequality on health: evidence from a randomized control trial in the Bolivian Amazon. Soc Sci
Med. 2016; 149:66—75. DOI: 10.1016/j.socscimed.2015.12.003 [PubMed: 26706403]

Nicotine Tob Res. Author manuscript; available in PMC 2018 November 01.


http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.300.9.1019
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.300.9.1019

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shenassa et al.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Page 11

Kawachi I, Kennedy BP. Income inequality and health: pathways and mechanisms. Health Serv
Res. 1999; 34(1, pt 2):215-227. [PubMed: 10199670]

Massey, DS., Denton, NA. American Apartheid: Segregation and the Making of Underclass.
Cambridge, MA: Harvard Univ Press; 1993.

White K, Borrell LN. Racial/ethnic residential segregation: framing the context of health risk and
health disparities. Health Place. 2011; 17(2):438-448. DOI: 10.1016/j.healthplace.2010.12.002
[PubMed: 21236721]

Landrine H, Corral I. Separate and unequal: residential segregation and black health disparities.
Ethn Dis. 2009; 19(2):179-184. [PubMed: 19537230]

Shenassa ED, Stubbendick A, Brown MJ. Social disparities in housing and related pediatric injury:
a multilevel study. Am J Public Health. 2004; 94(4):633-639. DOI: 10.2105/AJPH.94.4.633
[PubMed: 15054017]

Kramer MR, Hogue CR. Is segregation bad for your health? Epidemiol Rev. 2009; 31(1):178-194.
DOI: 10.1093/epirev/mxp001 [PubMed: 19465747]

Ross N, Wolfson M, Dunn J, Berthelot J, Kaplan G, Lynch J. Relation between income inequality
and mortality in Canada and in the United States: cross sectional assessment using census data and
vital statistics. BMJ. 2000; 320(7239):898-902. DOI: 10.1136/bmj.320.7239.898 [PubMed:
10741994]

Wilkinson RG, Pickett KE. Income inequality and population health: a review and explanation of
the evidence. Soc Sci Med. 2006; 62(7):1768-1784. DOI: 10.1016/j.socscimed.2005.08.036
[PubMed: 16226363]

Kuo C-T, Chiang T. The association between relative deprivation and selfrated health, depressive
symptoms, and smoking behavior in Taiwan. Soc Sci Med. 2013; 89:39-44. DOI: 10.1016/
j.socscimed.2013.04.015 [PubMed: 23726214]

Kondo N, Kawachi I, Subramanian SV, Takeda Y, Yamagata Z. Do social comparisons explain the
association between income inequality and health?: relative deprivation and perceived health
among male and female Japanese individuals. Soc Sci Med. 2008; 67(6):982-987. DOI: 10.1016/
j.socscimed.2008.06.002 [PubMed: 18632196]

Siahpush M, Borland R, Taylor J, Singh GK, Ansari Z, Serraglio A. The association of smoking
with perception of income inequality, relative material well-being, and social capital. Soc Sci Med.
2006; 63(11):2801-2812. DOI: 10.1016/j.socscimed.2006.07.015 [PubMed: 16971030]

Sun P, Unger JB, Palmer P, et al. Relative income inequality and selected health outcomes in urban
Chinese youth. Soc Sci Med. 2012; 74(1):84-91. DOI: 10.1016/j.socscimed.2011.10.010
[PubMed: 22137733]

Prag P, Mills MC, Wittek R. Subjective socioeconomic status and health in cross-national
comparison. Soc Sci Med. 2016; 149:84-92. DOI: 10.1016/j.socscimed.2015.11.044 [PubMed:
26708244]

Diez-Roux AV, Link BG, Northridge ME. A multilevel analysis of income inequality and
cardiovascular disease risk factors. Soc Sci Med. 2000; 50(5):673-687. DOI: 10.1016/
S0277-9536(99)00320-2 [PubMed: 10658848]

Li DX, Guindon GE. Income, income inequality and youth smoking in low- and middle-income
countries. Addiction. 2013; 108(4):799-808. DOI: 10.1111/add.12075 [PubMed: 23216738]

Mistry R, McCarthy WJ, de Vogli R, Crespi CM, Wu Q, Patel M. Adolescent smoking risk
increases with wider income gaps between rich and poor. Health Place. 2011; 17(1):222-229.
DOI: 10.1016/j.healthplace.2010.10.004 [PubMed: 21111665]

Johnson CL, Paulose-Ram R, Ogden CL. National Health and Nutrition Examination Survey;
analytic guidelines, 1999-2010. Vital Heal Stat. 2013; 2(161):1-24. www.cdc.gov/nchs/data/
series/sr_02/sr02_161.pdf. March 23, 2016.

National Center for Health Statistics. National Health and Nutrition Examination Survey:
NHANES response rates and CPS totals. 2015. www.cdc.gov/nchs/nhanes/
response_rates_ CPS.htm. Accessed March 3, 2016

National Center for Health Statistics. National Health and Nutrition Examination Survey:
questionnaires, datasets, and related documentation. 2015. www.cdc.gov/nchs/nhanes/
nhanes_questionnaires.htm. Accessed March 3, 2016

Nicotine Tob Res. Author manuscript; available in PMC 2018 November 01.


http://www.cdc.gov/nchs/nhanes/response_rates_CPS.htm
http://www.cdc.gov/nchs/nhanes/response_rates_CPS.htm
http://www.cdc.gov/nchs/nhanes/nhanes_questionnaires.htm
http://www.cdc.gov/nchs/nhanes/nhanes_questionnaires.htm

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shenassa et al.

49.

50.

5L

52.

53.

54.

55.

56.

57.

58.

59.

Page 12

Office of Management and Budget. Final Report and Recommendations from the Metropolitan
Area Standards Review Committee to the Office of Management and Budget Concerning Changes
to the Standards for Defining Metropolitan Areas. Washington, DC: Office of management and
budget. Executive Office of the President, Office of Management and Budget (OMB), Office of
Information and Regulatory Affairs; 2000. www.census.gov/population/metro/files/00-32997.pdf.
March 23, 2016

Acevedo-Garcia D, Osypuk TL. Invited commentary: residential segregation and health—the
complexity of modeling separate social contexts. Am J Epidemiol. 2008; 168(11):1255-1258.
DOI: 10.1093/aje/kwn290 [PubMed: 18974060]

Krieger N, Chen JT, Waterman PD, Soobader MJ, Subramanian SV, Carson R. Geocoding and
monitoring of US socioeconomic inequalities in mortality and cancer incidence: does the choice of
area-based measure and geographic level matter? the public health disparities geocoding project.
Am J Epidemiol. 2002; 156(5):471-482. DOI: 10.1093/aje/kwf068 [PubMed: 12196317]

Krieger N, Waterman PD, Chen JT, Soobader M-J, Subramanian SV. Monitoring socioeconomic
inequalities in sexually transmitted infections, tuberculosis, and violence: geocoding and choice of
area-based socioeconomic measures—the public health disparities geocoding project (US). Public
Health Rep. 2003; 118(3):240-260. DOI: 10.1093/phr/118.3.240 [PubMed: 12766219]

Osypuk TL, Bates LM, Acevedo-Garcia D. Another Mexican birthweight paradox? The role of
residential enclaves and neighborhood poverty in the birthweight of Mexican-origin infants. Soc
Sci Med. 2010; 70(4):550-560. DOI: 10.1016/j.socscimed.2009.10.034 [PubMed: 19926186]
Dominguez K, Penman-Aguilar A, Chang M-H. Vital signs: Leading causes of death, prevalence of
diseases and risk factors, and use of health services among Hispanics in the United States-2009—
2013. Centers Dis Control. 2015; 64(17):469-478.

Lochner K, Pamuk E, Makuc D, Kawachi I. State-level income inequality and individual mortality
risk: a prospective, multilevel study. 2001; 91(3):385-391.

LeClere FB, Soobader MJ. The effect of income inequality on the health of selected US
demographic groups. Am J Public Health. 2000; 90(12):1892-1897. www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=1446426&tool=pmcentrez&rendertype=abstract. April 25, 2016.
[PubMed: 11111262]

Nuru-Jeter AM, Williams CT, LaVeist TA. Distinguishing the race-specific effects of income
inequality and mortality in U.S. metropolitan areas. Int J Heal Serv. 2014; 44(3):435-456. DOI:
10.2190/HS.44.3.b

Tynan M, Babb S, MacNeil A, et al. State smoke-free laws for worksites, restaurants, and bars —
United States, 2000-2010. MMWR Morb Mortal WKly Rep. 2011; 60(15):472-475.
www.cdc.gov/mmwr/preview/mmwrhtml/mm6015a2.htm. August 20, 2016. [PubMed: 21508923]
Gonzalez M, Sanders-Jackson A, Song A, Cheng K-W, Glantz S. Strong smoke-free law coverage
in the United States by race/ethnicity: 2000-2009. Am J Public Health. 2013; 103(4):e62-€66.
DOI: 10.2105/AJPH.2012.301045 [PubMed: 23488507]

Nicotine Tob Res. Author manuscript; available in PMC 2018 November 01.


http://www.census.gov/population/metro/files/00-32997.pdf

Shenassa et al. Page 13

Table 1

Descriptive Characteristics for Nonsmoking? Children Aged 3-15 (V= 14 649) in the National Health and
Nutritional Examination Survey, United States, 1999-2012

Characteristic Unweighted N Serum cotinine (ng/mL)

Geometric mean (95% CI)  Arithmetic mean (95% CI)

1duosnuey Joyiny

1duosnuen Joyiny

All 14 649 0.08 (0.07, 0.09) 0.46 (0.41, 0.51)
Race/ethnicity
Non-Hispanic white 3841 0.09 (0.07, 0.10) 0.53 (0.45, 0.60)
Non-Hispanic black 4233 0.18 (0.16, 0.21) 0.64 (0.58, 0.71)
Mexican American 4588 0.04 (0.04, 0.05) 0.16 (0.14, 0.19)
Other 1987 0.06 (0.06, 0.07) 0.33 (0.27, 0.40)
Age
3-5 2679 0.11 (0.09, 0.13) 0.62 (0.52, 0.72)
6-11 6497 0.09 (0.08, 0.10) 0.48 (0.42, 0.54)
12-15 5473 0.07 (0.06, 0.08) 0.36 (0.32, 0.40)
Sex
Female 7231 0.08 (0.07, 0.09) 0.46 (0.41, 0.52)
Male 7418 0.08 (0.07, 0.09) 0.47 (0.41, 0.52)
Family IPR?
<100% FPT 4664 0.20 (0.17, 0.24) 0.87 (0.76, 0.98)
100%-199% FPT 3836 0.12 (0.10, 0.14) 0.56 (0.49, 0.64)
200%-299% FPT 1966 0.07 (0.06, 0.08) 0.37 (0.29, 0.44)
300%-399% FPT 1252 0.06 (0.05, 0.07) 0.26 (0.19, 0.34)
2400% FPT 2007 0.03 (0.03, 0.04) 0.13 (0.10, 0.16)

1duosnuey Joyiny

1duosnuen Joyiny

CI = confidence interval; IPR = income-to-poverty ratio; FPT = federal poverty threshold.

a. . ] . . - )
Children aged 3-11 years were defined to be nonsmokers if their serum cotinine was below 10 ng/mL. Youth aged 12-15 years were defined to be
nonsmokers if their serum cotinine was below 10 ng/mL and they reported no tobacco or nicotine use in the past 5 days.

bIPR missing information for 924 children.
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Table 2

Unadjusted and Adjusted Differences in Nonsmoking Children’s Serum Cotinine Levels (ng/mL) by MSA
Income Inequality Tertile (95 % CI9)

Diff. (95% CI)

Unadjusted Fully adjusted
Low inequality@ Ref Ref
Moderate inequality  —0.20 (-0.33,-0.07)  -0.03 (-0.15, 0.09)
High inequality -0.42 (-0.53,-0.31  —0.22 (-0.32, -0.12)

ClI = confidence interval; IPR = income-to-poverty ratio; MSA = Metropolitan Statistical Area; NHANES = National Health and Nutrition
Examination Survey.

aCIs estimated using design-based variance estimation; adjusted for age, sex, US born vs. foreign born, IPR, household size, and NHANES cycle.

Low: MSA income inequality index in lowest 1/3 of all respondents, including children, adults, nonsmokers, and smokers. Moderate: MSA
income inequality index in middle 1/3 of all respondents. High: MSA income inequality index in highest 1/3 of all respondents.
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Table 3

Adjusted Differences in Nonsmoking Children’s Serum Cotinine Levels (ng/mL) Compared to Reference
Category (95 % ClI9): (A) Differences by Race/Ethnicity, Controlling for Individual-Level Covariates (eg, Age,
Sex); (B) Change in Serum Cotinine as a Function of MSA-Level Income Inequality by Race/Ethnicity and
Age Group, Results From Fully Adjusted Models With an Interaction Term for Income Inequality

B—Fully adjusted models with race/ethnicity by inequality—tertile interaction

A—Models adjusted for
individual-level effects only

terms

LowP

Moderate

High

Diff. (95% CI)

Diff. (95% CI)

Diff. (95% CI)

Race/ethnicity

Non-Hispanic white
Non-Hispanic black
Mexican American

Other

Age

3-5
6-11
12-15

Ref
-0.22 (-0.30, -0.13)
-0.52 (-0.61, —0.43)
-0.33 (-0.43, -0.22)

Ref
-0.10 (-0.19, -0.00)
-0.17 (-0.27, -0.08)

Ref
-0.26 (-0.38, -0.15)
-0.49 (-0.61, —0.38)
-0.26 (-0.38, —0.14)

Ref
-0.16 (-0.32, 0.00)
-0.29 (-0.43, -0.15)

Ref
-0.16 (-0.33, 0.01)
-0.49 (-0.66, —0.31)
-0.14 (0.36, 0.08)

Ref
-0.03 (-0.11, 0.04)
-0.07 (-0.18, 0.036)

Ref
0.01 (-0.16, 0.18)
-0.32 (-0.46, -0.18)
-0.27 (-0.41, -0.14)

Ref
-0.03 (-0.12, 0.06)
-0.02 (-0.11, 0.07)

CI = confidence interval; IPR = income-to-poverty ratio; MSA = Metropolitan Statistical Area; NHANES = National Health and Nutrition
Examination Survey. Linear trends across the three inequality tertiles indicated that cotinine levels declined significantly for non-Hispanic white
children (-0.12, 95% CI: —0.23, -0.01, p = .038), did not change for non-Hispanic black children (-0.02, 95% CI: -0.07, 0.04, p = .508), and
declined significantly for Mexican American children (=0.11, 95% CI: —0.11, -0.03, p< .001).

a . . . . L . . .
Cls estimated using design-based variance estimation; adjusted for age, sex, US born vs. foreign born, IPR, household size, and NHANES cycle.

Low: MSA income inequality index in lowest 1/3 of all respondents, including children, adults, non-smokers, and smokers. Moderate: MSA
income inequality index in middle 1/3 of all respondents. High: MSA income inequality index in highest 1/3 of all respondents.
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Table 4

Predicted Change in Serum Cotinine Levels (ng/mL) for Each Race/Ethnicity/Income Inequality Tertile
Compared to the First Tertile—Results From Models Fitted With Interactions Between Race/Ethnicity and
Low, Moderate, and High Income Inequality MSAs

Tertiles of MSA . .
p values for pairwise comparisons across

:Egggflity White, non-Hispanic  Black, non-Hispanic ~ Mexican American race/ethnicity group@
Low ref ref ref

Moderate -0.07 (-0.27,0.13) a 0.04 (-0.07,0.14) b -0.06 (-0.13,0.01) ¢ a-h: p=.32a-c: p=.95
High -0.31(-0.49,-0.13)d  -0.04 (-0.15,0.08) e  —0.13 (-0.19, -0.07) f d-e: p=.009 d—f: p=.056

ClI = confidence interval; MSA = Metropolitan Statistical Area.

H\Nald test with sampling errors estimated using design-based variance estimation.
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