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21Objective. The lack of health insurance reduces access to care and often results in poorer health outcomes. The
22present study simultaneously assessed the effects of health insurance on cancer and chronic diseasemortality, as
23well as the inter-relationships with diet, obesity, smoking, and inflammatory biomarkers. We hypothesized that
24public/no insurance versus private insurance would result in increased cancer/chronic disease mortality due to
25the increased prevalence of inflammation-related lifestyle factors in the underinsured population.
26Methods. Data from the Third National Health and Nutrition Examination Survey participants (NHANES
27III;1988–1994)were prospectively examined to assess the effects of public/no insurance versus private insurance
28and inflammation-related lifestyle factors onmortality risk from cancer, all causes, cardiovascular disease (CVD)
29and diabetes. Cox proportional hazards regression was performed to assess these relationships.
30Results.Multivariate regression analyses revealed substantially greater risks of mortality ranging from 35% to
31245% for public/no insurance versus private insurance for cancer (HR = 1.35; 95% CI = 1.09,1.66), all causes
32(HR = 1.54; 95% CI = 1.39,1.70), CVD (HR = 1.62; 95% CI = 1.38,1.90) and diabetes (HR = 2.45; 95% CI =
331.45,4.14). Elevated CRP, smoking, reduced diet quality and higher BMIweremore prevalent in thosewith public
34insurance, and were also associated with increased risks of cancer/chronic disease mortality.
35Discussion. Insurance status was strongly associated with cancer/chronic disease mortality after adjusting for
36lifestyle factors. The results suggest that inadequate health insurance coverage results in a substantially greater
37need for preventive strategies that focus on tobacco control, obesity, and improved dietary quality. These efforts
38should be incorporated into comprehensive insurance coverage programs for all Americans.
39© 2015 Elsevier Inc. All rights reserved.

4041

42

43

44 Introduction

45 The availability of quality health insurance remains a prevalent
46 barrier to optimal health in the United States despite recent strategies
47 targeting health care reform. Although the Affordable Care Act has re-
48 sulted in an additional 12 million individuals gaining health insurance,
49 it has been estimated that 31 million Americans will remain uninsured
50 by 2024 (Congressional Budget Office (CBO)). Gaps in coverage, includ-
51 ing lack of uniformMedicaid coverage among states, personal choice to
52 remain uninsured, lack of awareness of the newhealth reform laws, and
53 problems enrolling contribute to limit access to care (Congressional
54 Budget Office (CBO); Institute of Medicine (IOM), 2009; McWilliams,
55 2009).

56According to the Institute of Medicine and other reports (Institute of
57Medicine (IOM), 2009; Wilper et al., 2009; Ayanian et al., 2000), adults
58who lack insurance and suffer from cancer, cardiovascular disease
59(CVD), stroke, asthma and other chronic conditions are more likely to
60experience poorer health outcomes, reduced quality of life, and prema-
61ture death, compared to their insured counterparts. Adequate insurance
62coverage protects against devastating costs of catastrophic illness, pro-
63vides access to preventive health care and screening, and may provide
64care earlier in the disease process for improved outcomes (Institute of
65Medicine (IOM), 2009; Hadley, 2003; Baker et al., 2002; Institute of
66Medicine (IOM), 2002; Kronick, 2009; Robinson and Shavers).
67The lack of adequate insurance is especially prevalent in segments
68of the population experiencing social and economic disparities
69(DeNavas-Walt et al., 2011; Smedley et al., 2003; The Agency for
70Healthcare Research and Quality, 2007). The associations between can-
71cer mortality and multiple lifestyle factors, such as dietary intakes
72(World Cancer Research Fund (WCRF)/American Institute for Cancer
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73 Research(AICR), 2007), physical activity (World Cancer Research Fund
74 (WCRF)/American Institute for Cancer Research(AICR), 2007; Thune and
75 Furberg, 2001; Haskell et al., 2007), smoking and alcohol (World Cancer
76 Research Fund (WCRF)/American Institute for Cancer Research(AICR),
77 2007; Seitz et al., 2012; Shiels et al., 2013; International Agency for
78 Research on Cancer (IARC), 2004; International Agency for Research on
79 Cancer (IARC), 2010), obesity (World Cancer Research Fund (WCRF)/
80 American Institute for Cancer Research(AICR), 2007; Rohrmann et al.,
81 2007; Parekh et al., 2010; Vucenik and Stains, 2012), and exposure to en-
82 vironmental carcinogens (US Department of Health and Human Services
83 (USDDHS), 2010; International Agency for Research on Cancer (IARC),
84 2012) have also been well-documented.
85 The current study examined the hypothesis that higher mortality in
86 those lacking adequate health insurance is partly due to the greater
87 prevalence of disease-associated lifestyle risk factors. Our objective
88 was to provide a deeper understanding of the relationships between
89 health insurance and risk of mortality from cancer and other chronic
90 diseases, such as CVD and type-2 diabetes. Furthermore, we simulta-
91 neously examined the effects of insurance status in relation to lifestyle
92 factors associatedwith disease risk andmortality. For example, smoking
93 is clearly linked to CVD and cancer, yet its prevalence relative to health
94 insurance status is not well-documented (Charafeddine et al., 2013;
95 Jorm et al., 2012). We also assessed the effect of dietary patterns,
96 using the Healthy Eating Index (HEI), which is based on US Dietary
97 Guidelines for Americans 2010, and provides a more optimal approach
98 than examining individual nutrients relative to mortality risk (World
99 Cancer Research Fund/American Institute for Cancer Research, 2007;
100 Kant, 2004; Kennedy et al., 1995; Kennedy, 2008). In addition, the obe-
101 sity epidemic in America contributes significantly to the risk of diabetes
102 (World Health Organization (WHO), 2000; Day and Bailey, 2011) and
103 mortality from CVD (Association AH, 2014) and several cancers
104 (World Cancer Research Fund/American Institute for Cancer Research,
105 2007; Calle, 2007). We, therefore, explored the association between
106 obesity and insurance status on mortality risk. Finally, we examined
107 the relationship between C-reactive protein (CRP), an inflammatory
108 biomarker that has shown associations with cancer and other chronic
109 disease (Manabe, 2011; Chaturvedi et al., 2010), and insurance status
110 on mortality. We hypothesized that private insurance status would re-
111 sult in better cancer/chronic disease mortality outcomes, and that diet,
112 lifestyle, and inflammation-related factors would significantly impact
113 the insurance–mortality relationship.

114 Methods

115 The data in this study were from the Third National Health and Nutrition
116 Examination Survey (NHANES III), whichwas conducted by the National Center
117 for Health Statistics (NCHS) (U.S. Department of Health and Human Services
118 Third National Health and Nutrition Examination Survey, 1996; NCHS (National
119 Center for Health Statistics), 1992). NHANES III was used versus more recent
120 NHANESdatasets because it provided a longer follow-up time and larger sample
121 size. NHANES III used a complex, multi-stage, stratified sample of civilian,
122 non-institutionalized persons aged two months or greater (National Center
123 for Health Statistics (NCHS), 1994), and was conducted from October 1988–
124 1994 in two phases. In NHANES III, 33,994 (86%) of the 39,695 total participants
125 were interviewed in their homes. Participants were then invited to mobile
126 examination centers (MECs) for a medical exam. A detailed description of
127 design specifications and methods can be found in the Plan and Operation of
128 the Third National Health and Nutrition Examination Survey, 1988–1994 (U.S.
129 Department of Health and Human Services Third National Health and
130 Nutrition Examination Survey, 1996; National Center for Health Statistics
131 (NCHS), 1994).
132 For the present study, data fromNHANES III participants were prospectively
133 examined to determine the effects of public/no insurance versus private
134 insurance on the risk of mortality from cancer, all causes, CVD (included heart
135 disease, hypertension, cerebrovascular disease and diseases of the arteries and
136 circulatory system) and diabetes. The criteria for inclusion in this study were:
137 (a) age N 40 years, and (b) study participants were cancer-free when they
138 began the study (i.e. they had never been told by a doctor that they had cancer,

139with the exception of non-melanoma skin cancer). This prospective study
140followed cancer-free individuals from the time of entry into the NHANES III
141study until death or December 1, 2006.

142Measures

143Household adult questionnaire
144The NHANES III Household Adult Questionnaire included all data collected
145during the household interviews for adults aged N17 years. Demographic and
146lifestyle data, such as age, sex, race, education, and smoking were obtained
147from the Household Adult Questionnaire. At the end of the interview, the
148respondent's blood pressure was measured three times (a second set of mea-
149surements was obtained at the MEC). Interviews were conducted by field
150staff, who received intensive initial training and formal retraining to ensure that
151high skill levels were maintained. The data collection system was automated in
152Phase 2, during which interviews were conducted using computer-assisted
153personal interview. Details on survey instruments and forms, training manuals
154and data collection procedures are published elsewhere (U.S. Department of
155Health and Human Services Third National Health and Nutrition Examination
156Survey, 1996).

157MEC physical examination
158Blood and urine specimens were obtained at the MEC within one month of
159the interview, where several lab tests and measurements were performed, in-
160cluding anthropometric measurements, such as height, weight, and body
161mass index (BMI). While some of the blood and urine analyses were performed
162in the MEC laboratory, most analyses were conducted elsewhere by contract
163laboratories (U.S. Department of Health and Human Services Third National
164Health and Nutrition Examination Survey, 1996; National Center for Health
165Statistics (NCHS), 1994). For those who could not visit the MEC, a limited
166home examination was conducted.

167Healthy eating index
168The HEI provides a measure of overall quality of an individual's diet by
169assessing compliance with federal dietary guidelines and recommendations
170(Kennedy et al., 1995). TheUSDepartment of Agriculture calculatedHEI compo-
171nents and overall scores from dietary recall interviews collected for NHANES.
172The overall HEI score is the sum of 10 dietary components, which includes
173grains, fruits, vegetables, dairy, meat, dietary fats, saturated fats, cholesterol,
174sodium and variety. Each component has a maximum score of 10 and a
175minimum score of zero. The maximum overall HEI score is 100. A score of zero
176was assigned to a food group if no items from that category were consumed. For
177each of the five food group components of the HEI, individuals who consumed
178the recommended number of servings received a maximum score of 10.

179CRP analysis
180CRP was obtained from serum samples stored at−70 °C, which were ana-
181lyzed within 2 months of collection. CRP was analyzed using a fully automated
182Behring Nephelometer Analyzer System (Behring Diagnostics, Inc, Somerville,
183NJ). Additional details about the specific methods for quantifying CRP are
184provided elsewhere (Gunter and McQuillan, 1990).

185Ascertainment of mortality through National Death Index linkage
186The outcomemeasure for this prospective study wasmortality from cancer,
187all causes, CVD and diabetes, which was ascertained through a record linkage
188process using mortality data from the National Death Index (NDI). The
189NHANES III database was linked with NDI mortality records through December
19031, 2006 (Madans and Hunter, 1996; National Center for Health Statistics
191(NCHS), 2005). This linkage was performed through probabilistic matching
192using several criteria to confirm a match, such as name, social security, and
193date of birth (National Center for Health Statistics (NCHS), 2005). The underly-
194ing cause of death was established from ICD-9 codes through 1998 and ICD-10
195codes for 1999–2000, but the final cause of death data was determined by
196ICD-10 codes after adjusting for changes between coding systems (( Q5Statistics)
197NNCfH, 2006).

198Statistical analysis

199Descriptive statistics
200Descriptive statistics were calculated for all variables, with frequencies and
201percentages shown for discrete variables and means and standard deviations
202(SDs) calculated for continuous variables. Tests of statistical significance were
203also shown, with chi-squares performed for discrete variables and t-tests
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