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Abstract

This study explored potential gender and racial/ethnic disparities in overall health risk related to
24 health risk indicators selected across six domains: socioeconomic, health status and health care,
lifestyle, nutritional, clinical, and environmental. Using the 2003—-2006 National Health and
Nutrition Examination Surveys (NHANES), it evaluated cross-sectional data for 5,024 adults in
the United States. Logistic regression models were developed to estimate prevalence odds ratios
(PORs) adjusted for smoking, health insurance status, and age. Analyses evaluated disparities
associated with 24 indicator variables of health risk, comparing females to males and four racial/
ethnic groups to non-Hispanic Whites. Non-Hispanic Blacks and Mexican Americans were at
greater risk for at least 50% of the 24 health risk indicators, including measures of socioeconomic
status, health risk behaviors, poor/fair self-reported health status, multiple nutritional and clinical
indicators, and blood lead levels. This demonstrates that cumulative health risk is unevenly
distributed across racial/ethnic groups. A similarly high percentage (46%) of the risk factors was
observed in females. Females as compared to males were more likely to have lower income, lower
blood calcium, poor/fair self-reported health, more poor mental health days/month, higher
medication usage and hospitalizations, and higher serum levels of some clinical indicators and
blood cadmium. This analysis of cumulative health risk is responsive to calls for broader-based,
more integrated assessment of health disparities that can help inform community assessments and
public health policy.
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INTRODUCTION

Public health research, policy, and practice literatures report substantial disparities in life
expectancy, morbidity, health risk factors, and quality of life among segments of the
population, as well as persistence of these disparities (Dominguez, 2008; Institute of
Medicine, 2006b; Levine et al., 2001; Murray et al., 2006; Truman et al., 2011). Health
inequalities are related to socioeconomic, environmental, nutritional, and lifestyle factors,
and are reflected in unequal access to and quality of health care (Adler & Newman, 2002).
The effectiveness of public health initiatives and interventions for identifying and reducing
health disparities depends upon the appropriate analysis of how health inequalities are
distributed across subgroups, yet little research has comprehensively analyzed how a broad
range of health risk indicators, including socioeconomic, health status and health care,
lifestyle, nutritional, clinical, and environmental health risks, are distributed by gender, race,
and ethnicity.

Disease prevalence and health inequalities are often disproportionately distributed among
minorities and low-income persons (Frieden, 2011). Higher income is continuously
associated with longer life expectancy, and gaps in life expectancy between low- and high-
income individuals increased from 2001 to 2014 (Chetty et al., 2016). African Americans
have a lower life expectancy at birth compared to the White population due in part to
diseases such as heart disease, cancer, and diabetes (Kochanek, Arias, & Anderson, 2013),
though this life expectancy gap has narrowed in recent years (CDC, 2016). While national
mortality rates have declined for both males and females, Kindig and Cheng (2013) show
that female mortality rates increased from 1992-1996 to 2002—-2006 in 43% of U.S.
counties. Speculations on the causes of these partial reversals include the impact of tobacco
usage by females, changing levels of obesity, and changes in a range of socio-economic
factors. Poorer people and people of color are disproportionately exposed to environmental
contaminants and air pollution, and have a higher prevalence of diseases influenced by air
pollution (Frumkin, 2002). The causes of these differences are likely related to a wide range
of physical, social, and environmental stressors or burdens.

This paper presents a cumulative assessment of health disparities across gender and race/
ethnic groups in the U.S., with a focus on six domains of health risk: socioeconomic, health
status and health care, lifestyle, nutritional, clinical, and environmental. It examines the
extent to which pervasive and persistent gender and racial/ethnic differences remain after
controlling for obesity, smoking, and health insurance status, factors known to substantially
contribute to disease prevalence. In addition to lifestyle and clinical attributes regularly
studied in relation to health outcomes, a particular focus was on evaluation of differences in
early blood-based indicators of nutrition and disease and cumulative chemical exposure,
factors rarely considered when using national health survey data to investigate overarching
health disparities.

METHODS

This paper evaluates racial, ethnic, and gender disparities in the U.S. related to 24 health risk
indicators. Physical, medical, laboratory clinical data, and participant data from
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questionnaires were extracted from the publically available National Health and Nutrition
Examination Surveys (NHANES) data from survey years 2003-2004 and 2005-2006.
NHANES assesses the health and nutritional status of adults and children in the U.S. and is
administered by the National Center for Health Statistics (NCHS), part of the Centers for
Disease Control and Prevention (CDC, 2003-2006). The target population for NHANES is
the civilian, non-institutionalized U.S. population. Written informed consent is obtained
from each subject. More information about data collection is available online, including
information regarding NCHS Research Ethics Review Board approval (CDC, 2003-2006).
Data on a broad array of subjective and objective respondent characteristics, including
socioeconomic indicators, nutritional and clinical measures, and lifestyle factors, were
obtained from interviewer administrated computer-assisted personal interviews and clinical
visits conducted as part of the NHANES household interview and mobile examination center
(CDC, 2003-2004, 2005-2006).

Study Population

The study population includes 5,042 twenty to fifty year old participants in the 2003-2006
NHANES that had non-missing data for age, smoking status, health insurance, and obesity,
variables with close connections to health status used as controls throughout the analysis.
These years were chosen because they are the most recent data releases that include
measurements for all of the blood biomarkers of chemical exposure of interest in this
analysis. Race/ethnicity was derived from responses to the NHANES questions on race and
Hispanic origin. Participants who self-reported they were Hispanic of Mexican-American
origin or ancestry were categorized as “Mexican-American;” those who self-reported being
of other Hispanic origins or ancestries (e.g., Puerto Rican, Cuban, and Dominican) were
categorized as “other Hispanic.” Those who self-reported being Black with no Hispanic
origins or ancestries were categorized as “non-Hispanic Black.” Participants who self-
reported being “other non-Hispanic,” including Asian, Native American, Pacific and
Caribbean Islander, Alaska Native, and multiracial, were categorized as “other race/
ethnicity.” Smoking status was determined using measured serum cotinine levels, a
metabolite of nicotine that is widely used as a biomarker of exposure to tobacco and both
active and secondhand tobacco smoke (Benowitz, 1996). Participants with cotinine =10
ng/mL were considered smokers for this analysis and those with cotinine <10 ng/mL were
considered nonsmokers based on prior research on cotinine levels of smokers and non-
smokers (Hukkanen, Jacob & Benowitz, 2005). Participants without cotinine measurements
were categorized as nonsmokers if they reported on the NHANES questionnaire that they
had never smoked 100 cigarettes in their lifetime. Participants with body mass index =30
were characterized as obese (CDC 2012). Participants were categorized as having health
insurance if they responded, “yes” to the question, “Are you covered by health insurance or
some other kind of health care plan?” This includes private and government health insurance
coverage. The specific number of individuals in subsequent analyses varies because of non-
response, missing data, or legitimate skips for the indicator variables discussed below.

Health Risk Indicator Variables

Health risk indicator variables were created for 24 participant characteristics across six
domains. Variables were selected because of their salience for the domains of interest, and

J Health Dispar Res Pract. Author manuscript; available in PMC 2019 June 05.



1duosnuel Joyiny vd3 1duosnuep Joyiny vd3

1duosnue Joyiny vd3

Cordner et al. Page 4

were designed to be representative of all possible variables that could be included in each
domain. Domain 1 focused on socioeconomic status (SES), including respondents’ poverty-
income ratio, high school education attainment, and whether they worried they would run
out of food or could not afford balanced meals in the past year. Domain 2 focused on health
status and health care factors, including self-reported health status, self-reported poor mental
health, and hospitalization and prescription medication use in the last year. Domain 3
focused on lifestyle factors including hours spent watching TV and duration of moderate and
vigorous monthly physical activity. Domain 4 focused on serum nutritional indicators,
including calcium, Vitamin C, and Vitamin D levels (all below median levels). Domain 5
focused on clinical indicators of poor health or pre-disease status, including high blood
pressure and serum levels of high-density lipoprotein (HDL) cholesterol (below 60), C-
reactive protein (CRP; =1 mg/dL), glucose (above median), and glycohemoglobin (=7%).
Domain 6 focused on blood biomarkers of environmental exposures including lead,
cadmium, mercury, benzene, and toluene.

Each participant was assigned a value of 1 or 0 for each indicator, with a value of 1
representing an indicator of a poorer health quality (e.g., CRP =1 mg/dl or watching
television >3 hours per day). For indicators without a commonly used cut-off indicating
greater health risk (e.g., serum vitamin D levels), we used the median value of the study
participants to derive the indicator variables. The full set of characteristics and health
indicators can be found in Table 1, which displays the frequency and weighted percent of the
characteristics of the study participants and the indicators.

Data Analysis

Multivariable logistic regression models were developed to estimate prevalence odds ratios
(PORs) for the 24 poor health indicator variables with race/ethnicity and gender, adjusting
for age, smoking status, and health insurance status. All analyses were carried out using SAS
9.3 and incorporated appropriate NHANES sampling weights. The stratification and
clustering design variables were used in the logistic regression models to obtain proper
standard errors of the estimates.

RESULTS

The study population consisted of 5,042 twenty to fifty year old 2003-2006 NHANES
participants that had non-missing data for smoking status, health insurance status, and
obesity. Table 1 presents descriptive statistics of categorical variables, and Table 2 presents
descriptive statistics of continuous variables, all weighted for population characteristics of
the NHANES sample. Study participants had a median age of 35, and 51% were female. The
majority of the participants were non-Hispanic White (67%), while 10% were Mexican
American, 4% were other Hispanic, 13% were non-Hispanic Black, and 6% were other race/
ethnicity. Approximately one-third of the participants were classified as obese (32%), one-
third were smokers (34%), and one-quarter lacked health insurance (24%).

Figures 1 through 6 correspond to these six domains of health risk indicators and present
PORs by gender and race/ethnicity. All PORs are adjusted for age, obesity, smoking status,
and health insurance status, factors known to influence health risks.
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Health Risks and Race/Ethnicity

SES: Significant disparities existed across racial/ethnic groups in terms of socioeconomic
status, food security, and lifestyle variables (Figure 1). Compared to non-Hispanic Whites,
all racial/ethnic groups had lower incomes and were less likely to have graduated from high
school. These associations were strongest with Mexican Americans and other Hispanic
participants, with Mexican Americans nearly 10 times as likely as non-Hispanic Whites to
have less than a high school education (POR 9.58 [95%CI: 6.82, 13.46]). Food security
concerns were also elevated. Mexican American, other Hispanic, and Non-Hispanic Black
participants were significantly more likely than non-Hispanic Whites to indicate that they
often or sometimes worried they would run out of food.

Health Status and Health Care: The likelihood of a poor or fair self-report of health
was significantly higher for Mexican Americans, other Hispanics, and Non-Hispanic Blacks
compared to non-Hispanic Whites (Figure 2). Mexican Americans, hon-Hispanic Blacks,
and those of other races were less likely to use prescription medication in the past year than
non-Hispanic Whites (POR: 0.45 [95% CI: 0.39, 0.53], POR: 0.59 [95% ClI: 0.49, 0.71],
POR: 0.58, [95% CI: 0.40, 0.83], respectively).

Lifestyle: Some racial/ethnic differences were observed regarding lifestyle indicators
(Figure 3). Non-Hispanic Black participants were more likely than non-Hispanic Whites to
watch more than three hours of TV per day, and Mexican Americans and those of other
races were less likely to engage in physical activity.

Clinical and Nutrition: Many health risk indicators of clinical health and nutrition were
elevated for non-Hispanic Blacks, Mexican Americans, and those of other races (Figures 4
and 5). Mexican Americans were more likely than non-Hispanic Whites to have lower levels
of serum calcium, lower levels of HDL cholesterol, and elevated serum glucose and
glycohemoglobin levels. Non-Hispanic Blacks were more likely to have high blood pressure
(POR: 1.72 [95% CI: 1.38, 2.14]), higher CRP levels (POR: 1.35 [95% CI: 1.07, 1.70]) and
lower vitamin D levels compared to non-Hispanic Whites. The association with less than the
median level of vitamin D is most pronounced in non-Hispanic Blacks, with a POR of 12.36
(95% CI: 9.54, 16.01). For vitamin C, no statistically significant differences were seen
between the four racial/ethnic groups and the reference group.

Environmental Chemicals: Mexican Americans, non-Hispanic Blacks, and those of
other races were more likely to have higher blood lead levels compared to hon-Hispanic
Whites (Figure 6). Non-Hispanic Blacks and those of other race were more likely to have
higher blood cadmium levels compared to non-Hispanic Whites. Those of other race also
had blood mercury levels above the median. No statistically significant racial differences
were observed in blood benzene levels. All racial/ethnic groups other than non-Hispanic
Whites were less likely to have blood toluene levels above the median when compared to
non-Hispanic Whites, with Mexican Americans and other Hispanics having statistically
significant lower PORs (0.60 [95% CI: 0.42, 0.86] and 0.57 [95% CI: 0.33, 0.99],
respectively).
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Non-chemical health risk indicators: Females were at higher risk for multiple
indicators of poor health (Figures 1-5). Relative to males, females were significantly more
likely to report lower income levels, have poor/fair SRH, and engage in lower levels of
physical activity. Compared to males, females were more likely to have used prescription
medication or been hospitalized in the past year. Females also had more days of poor mental
health, lower serum calcium levels, and higher CRP levels than males. However, females
were less likely than males to have high blood pressure, higher levels of HDL (good
cholesterol), higher levels of serum vitamin C, and lower levels of serum glucose and
glycohemoglobin levels that equaled or exceeded 7%.

Environmental Chemicals: Females compared to males had significantly higher levels
of blood cadmium (Figure 6). In contrast, females had lower blood lead, mercury, and
benzene levels compared to males.

DISCUSSION

Studies suggest that health and environmental inequalities are the result of both social
attributes (e.g., income, education, and health care access) and individual behaviors (e.g.,
smoking, obesity, and physical activity) (Adler & Newman, 2002; Dubowitz et al., 2008;
Institute of Medicine, 2006a; Kant & Graubard, 2007). Stark racial/ethnic disparities in
morbidity and mortality have persisted for many decades (CDC; Dominguez, 2008; Flores,
Escala, & Hall, 2015; Institute of Medicine, 2012). In this analysis of a representative
sample of the U.S. population, we identified numerous racial/ethnic and gender differences
across all six domains investigated. Some of these health risk factors are modifiable and can
be improved through changes in lifestyle or environment. For example, Case and Deaton
(2015) attributed increases in morbidity and mortality among U.S. non-Hispanic White men
ages 45-54 to drug and alcohol poisoning, suicide, and liver diseases. This underscores the
need for more targeted public health communication and public health interventions that can
reduce inequalities related to disease outcomes rather than waiting for diseases to emerge.
Other health risk factors reflect systematic inequalities related to environmental exposures
and access to health care. The ability to achieve health equity is often hampered by poverty
and education, but also by numerous aspects of the social structure (Koh, Piotrowski,
Kumanyika, & Fielding, 2011).

Current initiatives in public and community health support a focus on cumulative health risk
assessment. For example, the Healthy People initiative tracks 26 health indicators across 12
domains (e.g., access to health care, clinical preventive services, environmental quality,
tobacco use) (ODPHP). However, the majority of the indicators are not delineated by gender
or race/ethnicity. Without these subgroup analyses, which often highlight disproportionate
and/or cumulative impacts, community public health initiatives and interventions may be
less effective.

In this study, we found gender and race/ethnicity disparities associated with lower income,
lack of a high school education, food security concerns, and self-reported poor/fair health.
Income and education level are inversely related to morbidity and mortality rates (Deaton,
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2002), and high school graduation is a leading indicator of healthy adult behaviors and
health status (Woolf & Braveman, 2011). Poor/fair self-reported health correlates with
mortality rates (Idler & Benyamini, 1997) and is considered to reflect psychological aspects
of health that take into consideration stress and well-being, important influences on health
that are difficult to capture in laboratory or clinical assessments.

Lack of physical activity accounts for approximately 20% of coronary heart disease, colon
cancer, and osteoporotic fractures, 12% of diabetes and hypertension, and 5% of breast
cancer, with health care expenditures estimated at $24 billion a year (Lewis & Hennekens,
2015). In our study, females compared to males and Mexican Americans and other
Hispanics compared to non-Hispanic Whites were less likely to exercise moderately or
vigorously every month. Non-Hispanic Blacks watched significantly more television
compared to any other race/ethnicity, which may, in part, reflect higher unemployment rates
(Rhodes, Mark, & Temmel, 2012). Prior research has shown that minorities continue to face
significant discrimination in employment (Pager, 2007; Pager & Shepherd, 2008).

Clinical and nutritional indicators also showed striking variation across race/ethnicity and
gender. Non-Hispanic Blacks had high blood pressure even after controlling for obesity,
smoking, and health insurance status, indicating increased risk for heart disease and stroke.
Blood pressure is a potentially modifiable risk factor influenced by social, environmental,
and lifestyle factors (Pickering, 1997). Approximately 50% of individuals in the U.S. took at
least one prescription drug in the past month (CDC 2014). In the present study, females and
non-Hispanic Whites (despite their lower prevalence of some diseases compared to males
and some racial/ethnic groups) were shown to have significantly higher prescription drug
use. There is a paucity of studies exploring the possible influences of life styles, social, and
environmental factors on prescription drugs use, although such analyses may give insight
into the differential impact of individual lifestyle factors including psychosocial and
environmental influences, as well as how these patterns may be related to health care access
and treatment.

Although measuring cumulative health risks is undeniably useful for community health
assessment and health risk screening, few studies have investigated pre-disease clinical,
nutritional, and environmental markers of health risk alongside of socioeconomic, lifestyle,
and health status indicators. Consistent with other reports, we observed that Non-Hispanic
Blacks and, to a lesser extent, Hispanic Americans have a markedly higher prevalence of low
vitamin D levels (Ginde, Liu, & Camargo, 2009). Wintertime vitamin D insufficiency is
pervasive among minority populations, most notably in non-Hispanic Blacks and Mexican
Americans (Taksler, Cutler, Giovannucci, & Keating, 2015), but relatively little
epidemiological and clinical research has been conducted with diverse populations
(Robinson-Cohen et al., 2013). Nearly all non-Hispanic Blacks (97%) and most Mexican-
Americans (90%) have vitamin D insufficiency (Ginde et al., 2009). Vitamin D insufficiency
can lead to mild hyperparathyroidism, suboptimal calcium absorption, and reduced bone
density (Chapuy et al., 1997) and is associated with cardiovascular disease (Beveridge &
Witham, 2013) and diabetes mellitus (Palmer et al., 2008), though recent research suggests
that low vitamin D levels are not associated with these same negative health risks in
populations of color (Robinson-Cohen et al., 2013).
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Mexican Americans, other Hispanics, and non-Hispanic Blacks were more likely to have
elevated glycohemoglobin compared to non-Hispanic Whites. Glycohemoglobin levels at or
above 7% correlate with increased diabetes risk. Mexican Americans were also more likely
than non-Hispanic Whites to have high blood glucose levels, another indicator of diabetes
risk. Diabetes is a condition known to have a higher prevalence in populations of color
(Peek, Cargill, & Huang, 2007).

Similar to research by Nazmi and Victora (2007), this study found that females and non-
Hispanic Blacks had higher levels of CRP, a general marker of inflammation and a risk
factor for cardiovascular disease and mortality (Smith et al., 2004). Elevated CRP levels are
also associated with smoking (O’Loughlin et al., 2008) and obesity (Visser, Bouter,
McQuillan, Wener, & Harris, 1999). This study found differential CRP levels across racial/
ethnic groups even after controlling for these risk factors. Numerous studies have observed
racial and socioeconomic gradients in CRP levels (Nazmi & Victora, 2007). Paul et al.
showed that CRP was a strong predictor of reported stressful life events in a non-pregnant
cohort of women (Paul, Boutain, Agnew, Thomas, & Hitti, 2008). Alley and colleagues
suggest that elevated CRP levels may in part reflect psychosocial factors such as lack of
social support and other stress factors (Alley et al., 2006).

Cumulative health risk assessments by gender or race/ethnicity rarely include evaluation of
blood levels for mercury, cadmium, or lead, despite these substances’ well-known toxic
health effects in humans. Mexican Americans, non-Hispanic Blacks, and those of other race
were more likely to have higher blood lead compared to non-Hispanic Whites. Participants
of other races also had blood levels above the median level for mercury and cadmium. Males
had higher blood levels of lead, mercury, and benzene compared to females. Choudhury et
al. reported premenopausal females absorb 2—4 times more of ingested cadmium compared
to males or postmenopausal females (Choudhury et al., 2001), perhaps explaining why blood
cadmium levels were higher in females in our study. Public health strategies aimed at
minimizing cadmium exposure in women of reproductive age are needed, especially based
on recent finding that show correlations between elevated maternal blood cadmium and
lower birth weight of off-spring (Vidal et al., 2015).

A limitation of this study is that NHANES provides only cross-sectional data, which does
not allow for assessments of causality or changes over time for any variables. Our analysis
also does not take into account geographic variation, though many health risks and exposure
to chemicals are known to vary across the U.S. and between different types of communities
(e.g., urban versus rural). Additionally, our analysis examines each health risk factor
individually, though there is likely significant collinearity between them. In particular, our
study is unable to distinguish the independent effects on cumulative health risks due to race/
ethnicity from the effects of income. We restricted our analysis to 20-50 year olds because
the elderly have significantly higher rates of some morbidities, and children and teens are
undergoing rapid developmental changes. Thus, these results may not apply to individuals
younger than 20 or older than 50. Subgroup analysis for two of the race/ethnicity groupings
(other Hispanic and other race/ethnicity) combined racial and ethnic groups, thus limiting
our ability to identify important race/ethnicity-specific differences.
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CONCLUSION

In this analysis of a representative sample of the U.S. population, we identified numerous
racial/ethnic and gender differences across indices related to domains that are potential
upstream, modifiable determinants of health and wellbeing: SES, lifestyle, health status/care,
nutritional, clinical, and markers of blood chemical exposure. Though we did not identify
statistically significant differences across all variables in all domains, Non-Hispanic Blacks
and Mexican Americans were at greater risk for at least 50% of the 24 health risk indicators.
In contrast, non-Hispanic Whites were at greater health risk for only 20% of indicators when
compared to Mexican Americans, 12% of indicators when compared to non-Hispanic
Blacks, and 4% of indicators when compared to those of other race/ethnicity. Females were
at greater risk than males for a high percentage (46%) of the health risk factors, while males
were at greater risk for only 29% of the health risk indicators. This demonstrates that
cumulative health risk is unevenly distributed across racial/ethnic groups and between sexes.
Research on cumulative health disparities is essential for understanding and addressing those
disparities (Institute of Medicine, 2006b).

Despite the many studies evaluating gender and racial/ethnic associations with morbidity
and mortality rates, few studies examining gender and racial/ethnic inequality have
comprehensively assessed health risk factors alongside of early biomarkers of exposure,
laboratory-based blood indicators of disease risk, and cumulative health risk burden across
multiple domains of health and well-being. Focusing on a wide range of indicators allows
the cumulative impact of these disparities to become more evident. This type of analysis
could be further extended to investigate local and regional differences in overall health risk.
By identifying racial/ethnic groups at greatest risk at the national, regional, and community
level, this type of broad-based, integrated cumulative risk assessment can be used to conduct
more informative community assessments and inform public health policy decision-making,
particularly community-participatory prevention efforts.
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racial/ethnic groups compared to non-Hispanic White. Black fill indicates significant at
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Prevalence odds ratios and 95% CI for socioeconomic indicators for gender (adjusted for
race/ethnicity, age, smoking, obesity, and health insurance status) or race/ethnicity (adjusted
for gender, age, smoking, obesity, and health insurance status). Female compared to male;
racial/ethnic groups compared to non-Hispanic White. Black fill indicates significant at

p<0.05.
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Prevalence odds ratios and 95% CI for socioeconomic indicators for gender (adjusted for
race/ethnicity, age, smoking, obesity, and health insurance status) or race/ethnicity (adjusted
for gender, age, smoking, obesity, and health insurance status). Female compared to male;
racial/ethnic groups compared to non-Hispanic White. Black fill indicates significant at

p<0.05.
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