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larger percentage than overall estimated mortality rates under the same counterfactual 

redistributions. 

 Essay 3 uses multiple NLMS cohorts and multilevel Cox proportional hazards 

regressions to estimate the contextual effect of state-level income inequality on premature 

mortality in the United States. It uses six different measures of state income inequality, controls 

for inflation-adjusted, equivalized family income, and adjusts for eight individual-level 

socioeconomic and demographic variables, and for state-level percentage black and percentage 

in poverty. The contextual effect varies markedly by inequality measure, gender, and regression 

method. Effect sizes are generally in the range of a one to five percent increase in the likelihood 

of premature death for a one standard deviation increase in income inequality. The contextual 

effect may cause a sizeable number of premature deaths, especially among males. 
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explaining the severity of the SSA pandemic. For example, a review by Shandera (2007) 

identified several viral, host, transmission, and societal factors that might explain the higher rates 

of infection in the region (Shandera, 2007). A country-level empirical study by Nattrass (2009) 

identified a number of social factors associated with HIV prevalence rates, finding little effect of 

poverty but large and significant effects of the predominant religious affiliation of the country 

(Nattrass, 2009). Within SSA countries, HIV prevalence rates are generally higher in urban 

compared to rural areas, but there is also much regional variation, with some poorer, rural areas, 

such as the Nyanza region of Kenya, having very high prevalence rates. Nattrass et al. (2012) 

provides an excellent review of the recent literature on the complex interrelationships among 

poverty, sexual behavior, and HIV in SSA and the methodological challenges inherent in studies 

attempting to shed light on them. The authors use a panel dataset on young men in Cape Town, 

South Africa to overcome problems of endogeneity and blunt indicator measurements of sexual 

behavior, finding important differences by sex (Nattrass, Maughan-Brown, Seekings, & 

Whiteside, 2012). 

A review by Fox (2010) identified a positive association between HIV prevalence at the 

country level and the Gini coefficient (a standard measure of economic inequality) among SSA 

countries (Fox, 2010). These findings suggested a potential association between HIV prevalence 

and rapid economic development affecting primarily the urban regions of poor developing 

countries and reflected in rising wealth inequalities, such that it is not poverty or wealth per se, 

but the level of inequality in a region that predicts HIV prevalence. However, cross-country 

aggregate-level comparisons are prone to problems such as ecologic fallacy or aggregation bias, 

and to omitted variable bias from the inability to control for many potentially important 

explanatory factors. Also, if absolute income (or wealth) affects health and there are diminishing 
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threats to population health are infectious disease vulnerability and transmission. HIV is the 

leading cause of adult mortality in southern SSA and has been responsible for reversing a long-

term trend of decreasing mortality rates there. Adult mortality (or, conversely, life expectancy) is 

a key indicator of population health and directly reflects the general health status of the 

population. 

As a more direct mechanism of action, researchers theorize that rapid economic 

development is associated with rising wealth inequality and reduced social cohesion, leading to 

the breakdown of traditional family structures. For instance, new opportunities in urban regions 

may prompt economic migration by male or female household members. They, and those left 

behind in rural regions, may then take on informal, long-term partners, leading to higher 

prevalence of HIV in more unequal settings (Fox, 2012). Durevall et al. (2012) note several 

specific potential links between structural inequality and risk behaviors, particularly transactional 

sex providing young women and their families the means to remain above subsistence or to 

improve their economic status (Durevall & Lindskog, 2012). This paper investigates whether 

HIV prevalence rates are in part determined by such wealth inequities, which reflect differences 

in social position and levels of social cohesion within a given geographic region (in this case the 

DHS SEA or cluster), controlling for individual/household wealth and other key individual-level 

variables. 

Methods 

Data and sample 

A pooled analysis was conducted using DHS household survey data collected since 2006 

from six SSA countries with HIV prevalence rates exceeding five percent and HIV biomarker 

data and data on all covariates. The UNAIDS program classifies a national prevalence rate 



http://www.measuredhs.com/data/available-datasets.cfm
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Results 

There were significant differences by low and high values (above and below the median) for 

both key independent (predictor) variables considered in the model and for most demographic 

and sexual behavior variables. Table 1.2 indicates these differences, reporting means and 

standard errors for continuous variables and counts and percentages for categorical variables. 

Overall, the mean HIV prevalence rate was 17.3%. The mean percent of households in the lowest 

wealth quintile was 17.2%; the percent of respondents reporting multiple sexual partnerships in 

the past year was about 29%; the percent reporting condom use at last sex was 22.5%; and the 

percent reporting an STD in the past year was only 3.8%. Results were remarkably similar for 

the two measures of wealth inequality (Gini coefficient and wealth ratio), and most comparisons 

between low and high groups within these two separate inequality measures were statistically 

significant and largely in the anticipated direction. In these bivariate analyses, higher cluster-

level Gini coefficients and wealth ratios were associated with higher HIV prevalence rates and 

generally with higher rates of risky sexual behaviors. 

 The final multilevel regression models are shown in Table 1.3 (for the Gini coefficient) 

and Table 1.4 (for the wealth ratio), both for women and men combined and separately for 

women and men. The coefficients and their patterns in the two tables are remarkably similar. 

Base models (data not shown) including only the dependent variable HIV prevalence rate 

showed significant variation by country as anticipated from Table 1.1. In Model 1 of both Table 

1.3 and Table 1.4, including the key independent variables cluster-level wealth Gini coefficient 

and wealth ratio, respectively, and individual-level demographic control variables, both 

inequality measures were associated with an increased likelihood of being HIV positive. Male 

sex was protective, while urban residence, age, and being employed were associated with a 
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slightly increased likelihood of being HIV positive. Compared to unmarried persons (the referent 

group), those who were married or living together were at higher risk and those not living 

together were at much higher risk of being HIV positive. Including the cluster-level wealth Gini 

coefficient and wealth ratio in Model 1 significantly improved the model fit (significant log 

likelihood ratio test) relative to base models. Both the cluster-level wealth Gini coefficient (OR = 

2.35, p < 0.05) and the wealth ratio (OR = 1.32, p < 0.01) were associated with a significant 

increase in the likelihood of being HIV positive. The marginal effect of the Gini coefficient was 

that a 1 point increase in the Gini coefficient of an SEA cluster was associated with a 2.35 times 

increased likelihood of being HIV positive, controlling for all other variables in the model. 

Similarly, a 1 point increase in the wealth ratio was associated with a 1.3 times increased 

likelihood of being HIV positive, controlling for the other variables in the model. 

Adding in the sexual behavior variables in Model 2 of Tables 1.3 and 1.4 attenuated the 

effects of both measures of wealth inequality. There was a dose-dependent increase in the odds 

of being HIV positive with more lifetime sexual partners such that reporting 11 or more partners 

increased the likelihood of being HIV positive over five-fold. Condom use at last intercourse and 

an STD in the past year increased this likelihood by two and almost two and-a-half times, 

respectively. (Note that because this analysis is correlational, endogeneity or reverse causality 

probably explains the former association, i.e., condom use is likely to be more frequent among 

those who know they are HIV positive and/or who engage in higher-risk sex.) 

Looking at Tables 1.3 and 1.4, Models 3 and 4 for women only, some interesting findings are 

evident. In both tables the odds ratios decrease slightly but remain significant. Comparing Model 1 

to Model 3 in both tables, the odds ratio for married/living together (compared to the referent group 

unmarried) reverses and becomes less than 1 for women, indicating a protective effect for women 
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who are married to or living with their partner, controlling for age (which becomes non-significant in 

Table 1.3). More education among women appears to be slightly protective (decreased odds of HIV 

infection), whereas it appears to increase risk in the combined men-women models. Also, the odds of 

HIV infection associated with not living together reduces (from 4.3 to 2.9 times) compared to that 

for men and women combined. Comparing the full models incorporating the risk behaviors (Model 2 

compared to Model 4), again age becomes non-significant and the odds ratio for married/living 

together again becomes greater than 1, suggesting that risk behaviors are mediating some of this 

effect and removing any protection associated with cohabitation with sexual partners for women. 

Looking at Tables 1.3 and 1.4, Models 5 and 6 for men only, odds ratios for the Gini 

coefficient and wealth ratio are larger for men. Age is a significant predictor in both reduced and 

full models, and education appears to increase, rather than decrease risk, although it becomes 

non-significant in the full models (Model 6 in both tables). It is apparent that the risks associated 

with cohabitation and not living together (compared to the unmarried referent group) in the 

combined men-women model is driven by males. The coefficients increase from Model 5 to 

Model 6 for married/living together for males, suggesting that some other factors increasing risk 

are not being fully picked up by the risk behaviors. 

Results from the ordered logit models predicting numbers of extramarital partners in the 

past year (Table 1.5) indicated that the likelihood of having more extramarital partners was 

higher in clusters with more wealth inequality, although this relationship was significant only for 

the model including the wealth ratio predictor variable (OR = 1.27, p < 0.001). Not surprisingly, 

marriage/cohabitation appeared to be highly protective in all ordered logit models (OR = 0.01, p 

< 0.001), while being a younger male appeared to increase risk by over 4-fold. Looking at these 

models by sex indicated several interesting differences. The significant result for wealth ratio 
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held for women (OR = 1.54, p < 0.001) but not for men (OR = 1.15); age was not a significant 

factor in the models for women but was significant and protective in the models for men; urban 

residence was a significant risk factor for women but not for men; among women, primary 

education appeared to be a significant risk factor, while a secondary or higher education was no 

longer significant (compared to models for women and men combined). The risk associated with 

secondary or higher education appeared to work in opposite directions for men compared to 

women, reducing risk for women and increasing it for men. Religion was not a significant factor 

among women but was among men. Among men, being of Protestant or other Christian faith 

(compared to Catholic) significantly reduced risk, while being of Muslim faith increased it. 

Discussion 

The relationships between HIV prevalence and the control variables were all in the anticipated 

direction based on previous studies and expectations about HIV risk and demographic and sexual 

variables operating at the individual level. Both the cluster-level Gini coefficient for household 

wealth and the wealth ratio were significant predictors of HIV serostatus, controlling for all other 

variables in the models, including household wealth and several known behavioral and 

demographic predictors of positive serostatus. This is the second known study to produce 

empirical evidence of these effects using multiple countries and regions in SSA, and the second 

to demonstrate this effect at the DHS cluster level by utilizing its inherent population-based 

survey sampling strategy. Although a large literature suggests that economic inequality increases 

the risk for a variety of diseases after controlling for absolute levels of wealth or income 

(Subramanian & Kawachi, 2004; Wilkinson & Pickett, 2009; Wilkinson, 2005), very few have 

demonstrated it in the context of infectious disease in developing countries. Similarly to these 

two prior studies (Durevall & Lindskog, 2012; Fox, 2012), there is a persistent association 
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these independent variables has limitations which may lead to erroneous conclusions regarding 

the direct effect of wealth on HIV status. Because different assets are used in each country to 

construct the index (although a basic set of assets, such as type of flooring, water supply, 

sanitation facilities, appliances, transportation, etc. are included in every survey), it is not directly 

comparable across countries. Also, the index is not the best proxy for consumption expenditure, 

the SES measure preferred by economists (Howe, Hargreaves, Gabrysch, & Huttly, 2009). It also 

tends to negatively weight assets from traditional forms of subsistence production and over-

weight assets obtained in the modern cash economy, and thus tends to capture involvement in the 

modern, cash-oriented economy, which is also highly correlated with both urbanization and 

education level (Bingenheimer, 2007). This property may help explain its consistent positive 

association with HIV status among poorer developing African countries. However, the DHS 

index is considered a reasonable measure of economic well-being, it is the measure that was 

available in the datasets, and its major purpose was to construct within-cluster relative measures 

of economic inequality and to control for absolute measures of individual wealth status rather 

than to compare wealth status across countries. 

Also, because these data are cross-sectional, we can only observe the relationship 

between wealth inequality and HIV prevalence at a single point in time. Reverse causality, in 

which HIV infection affects household wealth and cluster-level wealth distribution, is 

undoubtedly present. Although the sexual behavior variables were somewhat weak measures of 

HIV risk behavior (with floor effects and apparent underreporting), a dose-response relationship 

for lifetime sexual partners suggested that variance associated with this risk factor was captured. 

Future studies should try to identify more valid measures of behavioral risk and to assess these 

factors as potential individual-level mediators in a multi-level modeling framework. Also, these 
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results point to some of the difficulties in doing empirical work in the field of social/structural 

determinants of health. It is often difficult to relate macro-level social factors to individual health 

status due to unavailability of accurate measures of both micro- and macro-level factors, and to 

the complexity of methodologies needed to adequately control for factors operating at multiple 

levels. Nevertheless, neglect of these higher-level factors moderating individual behaviors risks 

ascribing too much predictive power to micro-level factors and may lead to missed opportunities 

to modify social environments and create structural changes which induce more health-

supportive behaviors.  



http://www.who.int/social_determinants/thecommission/finalreport/en/index.html
http://www.jiasociety.org/content/14/1/13
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Table 1.2. Summary statistics for variables included in final model, by low and high Gini 
coefficient and wealth ratio 

  Gini coefficient Wealth ratio 
 Total Low High  Low High  

n 43,032a 21,520 21,512  21,522 21,509  
Dependent variable        
   HIV positive, n (%) 7,444 (17.3) 3,395 (15.8) 4,048 (18.8) *** 3,347 (15.6) 4,097 (19.0) *** 
Independent variables        
   Gini coefficient, mean (SE) 0.42 (0.004) 0.28 (0.003) 0.56 (0.003) *** 0.34 (0.006) 0.50 (0.004) *** 
   Wealth ratio, mean (SE) 1.49 (0.008) 1.35 (0.009) 1.62 (0.012) *** 1.23 (0.003) 1.74 (0.011) *** 
Demographic variables        
   Age in years, mean (SE) 30.8 (0.06) 31.1 (0.09) 30.5 (0.08) *** 31.1 (0.09) 30.5 (0.08) *** 
   Male, n (%) 20,403 (47.4) 10,337 (48.0) 10,066 (46.8) * 10,421 (48.4) 9,982 (46.4) *** 
   Urban residence 12,273 (28.5) 7,808 (36.3) 4,465 (20.8) *** 8,540 (40.0) 3,733 (17.4) *** 
   Working 30,916 (71.8) 15,893 (73.8) 15,023 (69.8) *** 15,954 (74.1) 14,962 (69.6) *** 
Education        
    None 3,348 (  7.8) 1,993 (  9.3) 1,355 (  6.3) *** 1,591 (  7.4) 1,757 (  8.2)  
    Primary 20,418 (47.4) 10,105 (47.0) 10,313 (47.9)  9,611 (44.6) 10,807 (50.2) *** 
    Secondary+ 16,650 (38.7) 7,699 (35.8) 8,951 (41.6) *** 8,651 (40.2) 7,998 (37.2) ** 
Wealth quintile        
    Lowest 7,380 (17.2) 4,819 (22.4) 2,561 (11.9) *** 3,504 (16.3) 3,876 (18.0)  
    Second 7,940 (18.4) 3,953 (18.4) 3,988 (18.5)  3,739 (17.4) 4,201 (19.5) * 
    Middle 8,386 (19.5) 2,892 (13.4) 5,494 (25.5) *** 3,826 (17.8) 4,560 (21.2) *** 
    Fourth 9,284 (21.6) 3,429 (15.9) 5,855 (27.2) *** 4,352 (20.2) 4,932 (22.9) * 
    Highest 10,041 (23.3) 6,428 (29.9) 3,613 (16.8) *** 6,101 (28.4) 3,940 (18.3) *** 
Marital status        
   Unmarried 8,363 (19.4) 3,935 (18.3) 4,428 (20.6) ** 3,624 (16.8) 4,739 (22.0) *** 
   Married/living together 31,888 (74.1) 16,260 (75.6) 15,628 (72.6) *** 16,504 (76.7) 15,384 (71.5) *** 
   Not living together 2,780 (  6.5) 1,325 (  6.2) 1,455 (  6.8) * 1,394 (  6.5) 1,386 (  6.4)  
Religion        
   Roman Catholic 8,369 (19.4) 4,452 (20.7) 3,917 (18.2) ** 4,149 (19.3) 4,220 (19.6)  
   Protestant/other Christian 27,131 (63.0) 13,961 (64.9) 13,170 (61.2) *** 14,578 (67.7) 12,553 (58.4) *** 
   Muslim 1,793 (  4.2) 947 (  4.4) 846 (  3.9)  818 (  3.8) 975 (  4.5)  
   None/other 5,739 (13.3) 2,160 (10.0) 3,579 (16.6) *** 1,978 (9.2) 3,762 (17.5) *** 
Sexual behavior variables        
No. extramarital sex partners 

past year 
       

   0 30,684 (71.3) 15,661 (72.8) 15,023 (69.8) ** 15,979 (74.2) 14,705 (68.4) *** 
   1 10,463 (24.3) 5,007 (23.3) 5,456 (25.4) ** 4,722 (21.9) 5,741 (26.7) *** 
   2 1,531 (  3.6) 669 (  3.1) 862 (  4.0) *** 645 (  3.0) 886 (4.1) *** 
   3+ 354 (  0.8) 183 (  0.9) 171 (  0.8)  177 (  0.8) 177 (0.8)  
No. lifetime sex partners        
   1 13,653 (31.7) 6,809 (31.6) 6,844 (31.8)  6,918 (32.1) 6,735 (31.3)  
   2 9,946 (23.1) 4,960 (23.0)  4,986 (23.2)  4,888 (22.7) 5,058 (23.5)  
   3 - 5 12,339 (28.7)  6,083 (28.3)  6,256 (29.1)  6,018 (28.0) 6,321 (29.4) * 
   6 - 10 3,864 (  9.0) 2,027 (  9.4) 1,837 (  8.5) * 2,028 (  9.4) 1,836 (  8.5) * 
   11+ 3,229 (  7.5) 1,641 (  7.6) 1,588 (  7.4)  1,670 (  7.8) 1,559 (  7.2)  
Condom use last sex 9,697 (22.5) 4,477 (20.8) 5,220 (24.3) *** 4,315 (20.0) 5,382 (25.0) *** 
STD past year 1,624 (  3.8) 738 (  3.4) 887 (  4.1) ** 717 (  3.3) 907 (  4.2) *** 
a Estimated population size adjusted for survey sampling frame.  
*p < 0.05    **p < 0.01    ***p < 0.001.            
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too costly or impossible for individuals to alter their own behaviors in a sustainably positive way. 

Second, a focus on individual risk factors risks blaming individuals for circumstances over which 

they have little or no control. However, a limitation of fundamental cause theory is that it does 

not help to determine the marginal impact of a particular resource (maintained in excess by high-

SES persons) on improvements in health. Therefore, it does not provide policy guidance on 

which particular resource is the best one to invest in, or help us to predict the likely health impact 

of the specific investment. Nor does it suggest where there may be unintended consequences for 

particular policies. It seems to suggest that the combined set of resources is important to 

maintaining health, and that increasing one alone is unlikely to be sufficient. For example, 

marginal increases in income are unlikely to improve health in the absence of the other resources 

helping one to utilize that income for better health (Glymour et al., 2014). 

 The current study both applies fundamental cause theory and the CSDH conceptual 

framework and attempts to make some headway past its limitations by attempting to determine 

as accurately as possible (but necessarily with a fair degree of uncertainty), the marginal impact 

of more household income on premature mortality in the U.S. population aged 25 to 59. 

Specifically, to what extent will mortality, and inequalities in mortality across SES groupings, be 

improved by redistributive policies that decrease income inequality? Further, what are the likely 

costs of such policies and would they exceed the benefits, and are there likely to be unintended 

consequences? The study is an application of theory in which the results will hopefully feed back 

to further inform one aspect of the theory to potentially modify it, as all theories are subject to 

modification in order to accommodate valid and relevant evidence.  

 Of the resources (money, knowledge, prestige, power, and beneficial social connections) 

mentioned above, the greatest role for public policy would seem to be with the first two, through 
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reductions with larger reductions in the Gini, but with diminishing returns. Finally, inequalities 

in estimated mortality rates are reduced by a larger percentage than overall estimated mortality 

rates under the same counterfactual redistributions. 

Methods 

Data and Sample 

 Data for this study come from the NLMS, a large prospective household survey based on 

a random sample of the non-institutionalized population of the United States, developed 

specifically to study the effects of demographic and socioeconomic characteristics on 

differentials in U.S. mortality rates. The NLMS matches individual records from the Current 

Population Survey (CPS) (Current Population Survey (CPS), 2012) to the National Death Index 

(NDI) (National Death Index, 2014). It currently consists of 36 cohorts and includes 

approximately 3.6 million records with over 250,000 identified mortality cases. A complete 

description of the dataset is available in the latest edition of the Reference Manual (National 

Longitudinal Mortality Survey: Extract and Analysis Files, 2012). 

 The NLMS is based on specific survey months of the CPS, the Annual Social and 

Economic Supplement, and a subset of the 1980 Census. Because these surveys are one-time 

data collection processes with no subsequent data collection follow up, a limitation of NLMS 

data is that they provide a one-time only, baseline, measurement of subjects in follow-up studies. 

Another limitation is that although the CPS and Census offer rich data in specific subject areas, 

general or specific health information on subjects is not collected, and smoking status is 

available on a limited number of subjects. 

 We use CPS cohort years 2005 to 2008 to allow for three years of follow-up (the most 

recent data on mortality in the NLMS is for the year 2011). The outcome variable is an indicator 
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 We also estimate the changes in inequalities in mortality associated with these 

hypothetical interventions, comparing estimated rate ratios for people in the second lowest decile 

to those in the second highest decile, in order to avoid comparisons based on extreme groups. We 

apply sensitivity analyses by halving the coefficients for the logarithm of household income. All 

analyses use survey weights designed to match the approximate non-institutionalized population 

of 25 to 59 year olds using the 2000 Census (the exact number is 136,187,440 from Table P012). 

Because the data are in person-years for the logistic regression analyses, the case weights are 

divided among the person-years. 

Results 

 Table 2.1 shows weighted summary statistics for males and females. Deaths per year and 

over three years were higher among males (2.8 vs. 1.7 per 1,000 and 6.2 vs. 3.8 per 1,000, 

respectively). Mean equivalized income adjusted to 1990 dollars was $29,287 among males and 

$28,107 among females. Mean age was roughly 42 years. Reported race/ethnicity was roughly 

15% Hispanic, 68% non-Hispanic white, 11% non-Hispanic black, with the remaining racial 

groups comprising five percent or less of the sample. Approximately 64% of the sample was 

married, with more males reporting never being married (22% vs. 17%) and more females 

reporting being widowed, singled, or divorced (20% vs. 14%). Men reported slightly lower 

levels of education, with roughly 30% of the sample reporting a college degree or higher. The 

mean county-level poverty rate (from the 2000 Census) was 12% and county-level median 

income approximately $52,000. Over 83% of survey participants reported a valid social security 

number to allow matching to death certificates. 

 Table 2.2 shows the weighted person-years, deaths, and observed rate ratios for each of 

the ten deciles of household income in the three NLMS cohorts. Coefficients for the logarithm of 
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FIGURES 
 
Figure 2.1. Curvilinear relationship between income and life expectancy 

Source: (Kawachi & Subramanian, 2014; Rodgers, 1979) 
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Figure 2.2. Final version of the conceptual framework adopted by the WHO Commission on the 
Social Determinants of Health 

Source: (Solar & Irwin, 2006; Solar & Irwin, 2010)   
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is hard for any individual in a society to escape the adverse contextual effects of income 

inequality (Subramanian & Kawachi, 2004). Support for this claim has been provided, using the 

same U.S. dataset (NLMS) for this study, by Wolfson and colleagues, who demonstrated via 

simulation that the ecological correlation of state-level income inequality and mortality was too 

large to be explained by the absolute income effect alone (Wolfson, Kaplan, Lynch, Ross, & 

Backlund, 1999). 

 There are many different ways that income inequality is measured. The Gini coefficient is 

a widely used summary measure of income distribution derived from the Lorenz curve, plotting 

the proportion of aggregate income earned by a population (on the vertical axis), ranked from the 

poorest to the wealthiest households in that population (on the horizontal axis). The Gini is 

calculated as the ratio of the area between the 45-degree line of equality among all household 

incomes and the Lorenz curve, over the total area under the line of equality, and ranges from 0 

(perfect equality) to 1 (perfect inequality) (Kawachi & Subramanian, 2014) p. 152. This measure 

is routinely reported by the U.S. Census Bureau for states and other geographic regions and is the 

most widely-used measure for operationalizing income inequality in the public health literature 

(De Maio, 2007). However, the Gini is problematic for at least two reasons. First, when the 

Lorenz curves intersect, different patterns of income distribution can yield the same value for the 

Gini coefficient. This property of Lorenz curves makes it difficult to compare Gini values and 

may confound tests of the income inequality hypothesis. Second, the Gini is most sensitive to 

inequalities in the middle of the income spectrum, so it is not the best measure when the locus of 

interest is the bottom or top of the distribution (De Maio, 2007).  

 A variety of indices are available in addition to the Gini, each with benefits and 

limitations (Allison, 1978; De Maio, 2007). The Atkinson index allows for a weighting of 
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membership, in terms of life expectancy (Olshansky et al., 2012). Thus, premature mortality 

among young, working-age adults and particularly males in the United States appears to be an 

important focus for policy intervention if the goal is to reduce lifespan inequality, in addition to 

the extant focus on young children. 

 One line of criticism of the contextual theory is that something correlated with income 

inequality, rather than income inequality itself, is the real cause of variations in health outcomes. 

Using ecological data, an important study by Deaton and Lubotsky claimed that, conditional on 

the fraction black, neither state-level nor Metropolitan Statistical Area (MSA) mortality are 

correlated with income inequality. They found that mortality rates were higher where the fraction 

of blacks was higher, both due to higher black mortality rates and lower incomes, but also due to 

white mortality rates being higher in geographic regions where the fraction of blacks was higher 

(Deaton & Lubotsky, 2003).  

 This critique was subsequently tested in two independent epidemiological studies using 

multilevel models in which race was controlled at both the individual and state level (as fraction 

of state population that is black) for two health outcomes: self-rated health and individual 

mortality. Neither study supported the claim that the association was confounded by racial 

composition. In the first study, using pooled Current Population Survey data on 201,221 adults in 

all 50 states and controlling for a range of demographic factors, the authors found that a 0.05-

increase in the Gini coefficient increases the odds ratio of reporting poor health by 1.39. 

Controlling for fraction black at the state level reduced the odds ratio to 1.30. There was no 

significant association between fraction black in a state and poor self-rated health. Rather, it 

suggested that whites residing in areas such as the Southeast with higher fraction black had 

worse health not because they lived in proximity to blacks, but because they lived in areas of 
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to those with lower coefficients (Kawachi & Subramanian, 2014). The Kondo et al. meta-

analysis suggests that one in three deaths in the United States results from high income 

inequality, as defined by a Gini above the 0.3 threshold (Bezruchka, 2014). The number of 

excess U.S. deaths exceeds the annual number of deaths from heart disease, the leading cause of 

death in the United States. 

 Another important study estimated the number of deaths due to social factors in the 

United States, using a meta-analysis of 47 studies and calculating a population attributable risk 

fraction for each social factor. It found that approximately 119,000 deaths or 5.1% could be 

attributed to area-level income inequality, defined as the percent of the adult population living in 

counties with a Gini coefficient at or above the 25th percentile (Galea, Tracy, Hoggatt, 

DiMaggio, & Karpati, 2011). The authors note that past estimates of the attributable fraction for 

mortality have varied between 9% and 25% depending on the age group studied. 

 More recently, Torre and colleagues tested the income inequality hypothesis using the 

Human Mortality Database on panel data for 21 developed countries over 30 years (Torre & 

Myrskyla, 2014). The analysis used a panel-data regression, with country and time fixed effects, 

and controlled for GDP per capita. The authors found that income inequality measure by the Gini 

coefficient was significantly associated with mortality among males and females ages 1-14 and 

15-49, and for females aged 65-89, though less strongly than for the younger age groups. They 

speculated that the stronger relationship among younger persons is plausibly mediated through 

underinvestment in social services to mothers and children and inadequate monetary support to 

families, citing Lundberg and Marmot (Lundberg et al., 2008; Marmot, 2003). They also 

suggested adverse health effects, including premature mortality, in children may reflect parental 

hardship and tradeoffs in having to invest more time and energy on work and less on their 
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enough number of individuals forward for a long enough period of time. This study follows 

394,208 persons forward for up to 10 years, the time thought to correspond to the lag required to 

capture the full effects on mortality (Blakely, Kennedy, Glass, & Kawachi, 2000; Zheng, 2012). 

This study explicitly addresses confounding by race and by poverty by controlling for them at 

both the individual and state level. Further, the study period (1995 to 2011) corresponds to one 

during which national-level income inequality has achieved its highest recorded level in 

American history, offering a potentially larger signal and more variation with which to detect 

and potentially quantify the effect. In addition, it complements the study in paper two by 

including the (aggregate, state-level) household Gini coefficient among the income inequality 

predictors. 

Conceptual Model 

 Kawachi and Subramanian, citing The Price of Inequality, by Nobel Laureate in 

Economics Joseph Stiglitz (Stiglitz, 2012), describe a mechanism of action for the contextual 

effect (Kawachi & Subramanian, 2014). Echoing Piketty and Saez, Stiglitz claims that the rent-

seeking behavior of the top 1% imposes a tax on the 99%, via a loss of social cohesion and a 

degrading of the quality of life for most everyone except the wealthiest. This effect proceeds in 

two steps. First, as wealthy people become wealthier, they functionally secede from the rest of 

society, for example, by segregating themselves into their own communities, schools, health 

clinics, etc. Because they do not use public services (public schools, hospitals, etc.) themselves, 

the wealthy become less and less inclined to subsidize others for their use. Secondly, the wealthy 

call for tax relief. Because power becomes concentrated in the upper classes, they can use their 

resources to get policies that benefit themselves at the expense of those lower down the 

socioeconomic ladder. Princeton economist Angus Deaton, author of his own book on wealth 
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 We hypothesize that state-level income inequality in 2000 will significantly predict 

individual-level mortality risk up to ten years later, controlling for important potential 

confounding variables at multiple levels. Second, the measured contextual effect of state-level 

income inequality will be larger than that reported previously using the same dataset (Backlund 

et al., 2007) because the data will track subjects over a longer time horizon and from a baseline 

time point surrounding the year 2000 when state income inequality was higher. We confirm a 

significant, though subtle contextual effect of income inequality on premature mortality, which 

varies by inequality measure, gender, and analytical method. The effect sizes are generally in the 

range of a 1% to 5% increase in the likelihood of premature death for a one standard deviation 

increase in income inequality, controlling for all other variables in the models, and appear to be 

larger for males. Because the contextual effect applies to the entire population, it may cause a 

sizeable number of premature deaths in the United States, especially among males. 

Methods 

Data and Sample 

 Data for this study come from the NLMS, a large prospective household survey based on 

a random sample of the non-institutionalized population of the United States, developed 

specifically to study the effects of demographic and socioeconomic characteristics on 

differentials in U.S. mortality rates. The NLMS matches individual records from the Current 

Population Survey (CPS) (Current Population Survey (CPS), 2012) to the National Death Index 

(NDI) (National Death Index, 2014). A complete description of the dataset is available in the 

latest edition of the Reference Manual (National Longitudinal Mortality Survey: Extract and 

Analysis Files, 2012). We use 12 cohort years from 1995 to 2006, bounding the 2000 U.S. 

Census, and follow these cohorts forward for 5 to 10 years to investigate death rates in the 25- to 
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64-year-old age group. We cap follow-up at ten years, which is a common practice when looking 

for geographical causes because people tend to move around, and after a decade or so, the 

chances are higher that respondents have moved out of a particular state. State-level data on the 

household Gini coefficient, percentage of state income for households below the median, percent 

of residents who are black, and percent of residents in poverty come from U.S. Census Bureau 

Summary Tables. Sourcing data for state-level decile ratios was problematic because publically 

available Census Summary Files do not have details on income earned within state-specific 

deciles, and further, most individual income reporting is top-coded to protect the identity of high 

income persons. Therefore, we calculate state-level income deciles and aggregate income within 

each decile using the CPS Annual Social and Economic Supplement (CPS ASEC) data contained 

within the NLMS for cohort years 1995 to 2004. We then calculate multiple decile ratio 

measures of income inequality from these data. 

Empirical Model 

 The method used by social epidemiologists to test the contextual theory is multilevel 

regression modeling comparing exchangeable individuals clustered in communities (states in this 

case) that differ on the distribution of income (Kawachi & Subramanian, 2014). The multilevel 

regression model relates the binary outcome death within the five-to-ten-year follow-up period to 

state-level income inequality. State-level income inequality is measured using: the Gini 

coefficient; the Palma ratio (ratio of income earned by the top 10% of households to that earned 

by the bottom 40%); the ratio of income earned by the top 10% (and 20%) of households to that 

earned by the bottom 90% (and 80%); the ratio of income earned by the top 50% of households 

to that earned by the bottom 50%; and the percentage of total state income received by 

households with incomes below the median. We control for individual-level income (or 
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the proportional hazards assumption tests for the Cox fixed effects models indicated, for both the 

90:10 ratio and the Gini coefficient and for both functional forms of time, this assumption was 

violated, indicating the effect is not stable over time. Therefore, the predictors of interest might 

be handled differently in future modelling, for example by including an interaction with time, 

where time is centered around the year 2000. Also, categorizing the Gini coefficient into [k] 

groups may be a promising modeling approach and is prevalent in the literature. 

 For some, the debate regarding the contextual effects of income inequality is settled, but 

for others it is not. Our results do not provide a definitive answer to the question of mortality 

effects from inequality, but they may make the path to that answer a bit clearer by showing the 

sources of systematic variability in the hazard ratios for mortality with respect to a particular 

income inequality measure, and among different measures. Also, the hazard ratios (and percent 

changes in mortality rates) reported here are, by-and-large, extraordinarily small. How is one to 

interpret a statistically significant HR of 1.002 for the 90:10 ratio for females in Table 3.4, for 

example? The mean for this variable is 26.47 with a standard deviation 4.92 or approximately 5. 

Therefore, a one standard deviation increase in the 90:10 ratio increases the mortality hazard by 

about 1 percent (5 x 0.002), after controlling for all other variables in the model. If a state with 2 

million people and a 90:10 ratio with HR=1.002 has, say, 20,000 deaths a year, this extremely 

small yet statistically significant increased hazard of premature mortality equates to 200 people 

(in just that state), and multiplied by 50 states becomes 10,000 premature deaths, a far from 

trivial effect. The majority of percent changes reported here (in Table 3.5) are consistent with the 

magnitude of the contextual effect reported in other studies and also with the expectation that we 

are dealing with a subtle, population-level effect which requires large sample sizes and carefully-
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Table 3.2. Income inequality indices, percent black population and percent population in 
poverty, by census region and state, 2000 U.S. Decennial Census 

Census 
region State 

Household 
Gini 

coefficienta 

Percentage 
of state 

income for 
households 

below 
medianb 

90:10 
ratioc 

80:20 
ratioc 

50:50 
ratioc 

90:40 
ratio 

(Palma)c 

Percent 
population 

blackd 

Percent 
population 
in povertye 

East Connecticut 0.477 19.00 24.68 4.78 3.70 2.20 9.1 7.9 
 Maine 0.434 21.09 22.88 4.17 3.54 2.07 0.5 10.9 
 Massachusetts 0.463 19.40 26.87 4.66 3.80 2.28 5.4 9.3 
 New Hampshire 0.414 22.55 25.25 4.40 3.69 2.32 0.7 6.5 
 New Jersey 0.460 19.69 26.61 4.33 3.53 2.14 13.6 8.5 
 New York 0.499 17.50 35.14 5.08 4.04 2.55 15.9 14.6 
 Pennsylvania 0.452 20.16 27.74 4.51 3.82 2.33 10.0 11.0 
 Rhode Island 0.457 19.49 24.57 5.24 3.93 2.33 4.5 11.9 
 Vermont 0.423 21.83 22.07 4.08 3.67 2.13 0.5 9.4 
Midwest Illinois 0.456 20.12 26.74 4.44 3.54 1.96 15.1 10.7 
 Indiana 0.424 21.73 21.01 3.63 3.41 1.91 8.4 9.5 
 Iowa 0.418 22.32 17.85 3.64 3.13 1.67 2.1 9.1 
 Kansas 0.435 21.31 24.95 4.49 3.64 2.12 5.7 9.9 
 Michigan 0.440 20.79 24.24 4.80 3.60 1.98 14.2 10.5 
 Minnesota 0.426 21.73 22.76 3.73 3.30 1.93 3.5 7.9 
 Missouri 0.449 20.37 27.16 4.07 3.54 1.98 11.2 11.7 
 Nebraska 0.424 21.89 20.33 4.00 3.30 1.77 4.0 9.7 
 North Dakota 0.429 21.53 20.77 4.45 3.35 1.77 0.6 11.9 
 Ohio 0.441 20.81 25.03 4.53 3.72 2.11 11.5 10.6 
 South Dakota 0.434 21.43 26.98 4.01 3.46 1.99 0.6 13.2 
 Wisconsin 0.413 22.44 18.59 3.87 3.04 1.65 5.7 8.7 
South Alabama 0.475 18.86 33.22 5.48 4.04 2.48 26.0 16.1 
 Arkansas 0.458 19.81 22.97 4.44 3.67 2.05 15.7 15.8 
 Delaware 0.429 21.48 22.25 3.67 3.36 1.81 19.2 9.2 
 DC 0.549 15.37 74.05 6.73 5.13 3.67 60.0 20.2 
 Florida 0.470 19.61 29.49 4.31 3.74 2.21 14.6 12.5 
 Georgia 0.461 19.56 28.49 4.60 3.57 1.93 28.7 13.0 
 Kentucky 0.468 19.08 26.10 5.12 3.84 2.24 7.3 15.8 
 Louisiana 0.483 18.13 39.72 5.66 4.27 2.54 32.5 19.6 
 Maryland 0.434 21.02 32.92 4.50 3.86 2.45 27.9 8.5 
 Mississippi 0.478 18.69 32.38 5.09 4.04 2.43 36.3 19.9 
 North Carolina 0.452 20.37 27.64 4.42 3.73 2.22 21.6 12.3 
 Oklahoma 0.455 19.97 27.34 4.68 3.64 2.09 7.6 14.7 
 South Carolina 0.454 20.10 26.58 4.63 3.62 2.06 29.5 14.1 
 Tennessee 0.465 19.67 30.92 4.79 4.05 2.65 16.4 13.5 
 Texas 0.470 19.38 24.43 3.87 3.34 1.87 11.5 15.4 
 Virginia 0.449 20.26 28.08 4.86 3.71 2.14 19.6 9.6 
 West Virginia 0.468 19.27 28.05 4.98 3.90 2.21 3.2 17.9 
West Alaska 0.402 22.56 15.52 3.71 3.10 1.50 3.5 9.4 
 Arizona 0.450 20.52 29.63 3.77 3.47 2.01 3.1 13.9 
 California 0.475 18.82 23.02 3.87 3.25 1.77 6.7 14.2 
 Colorado 0.438 21.14 21.20 3.49 3.19 1.72 3.8 9.3 
 Hawaii 0.434 21.07 36.20 5.13 3.96 2.44 1.8 10.7 
 Idaho 0.427 21.55 16.98 3.56 3.05 1.66 0.4 11.8 
 Montana 0.436 21.03 22.65 4.24 3.45 1.79 0.3 14.6 
 Nevada 0.436 21.65 17.72 3.15 2.89 1.57 6.8 10.5 
 New Mexico 0.460 19.66 29.89 4.92 3.69 1.94 1.9 18.4 
 Oregon 0.438 21.04 21.08 4.09 3.54 2.01 1.6 11.6 
 Utah 0.410 22.93 16.63 3.15 2.98 1.57 0.8 9.4 
 Washington 0.436 21.24 25.60 4.52 3.49 1.94 3.2 10.6 
 Wyoming 0.428 21.44 18.40 3.88 3.16 1.61 0.8 11.4 

a Source: U.S. Census Bureau, Table S4 
b Sources: Imputed from Tables HCT-013 Aggregate Household Income and QT-P32 Income Distribution in 1999 

of Households and Families: 2000, Census 2000 Summary File 3 (SF3) 
c Source: Imputed from Current Population Survey Annual Social and Economic Supplement (CPS ASEC) for years 

1995 to 2004. 
d Source: Table DP-1, Profile of General Demographic Characteristics: 2000, Census 2000 Summary File 1 (SF1) 
e Source: Table 3, State and Regional Poverty Rates: 1989 and 1999, Poverty: 1999 Census 2000 Brief, May 2003 
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Table 3.3. Summary statistics for the state-level variables used in the models, by sexa 

 
Males (n = 189,416) 

 
Females (n = 204,792) 

State-level measure Mean SD Min Max 
 

Mean SD Min Max 
Household Gini coefficient 0.456 0.021 0.402 0.549 

 
0.456 0.021 0.402 0.549 

Percentage of state income for 
households below the median 19.997 1.207 15.370 22.930 

 
19.978 1.203 15.370 22.930 

90:10 ratio 26.372 4.895 15.524 74.048 
 

26.468 4.923 15.524 74.048 
80:20 ratio 4.357 0.518 3.146 6.726 

 
4.368 0.518 3.146 6.726 

50:50 ratio 3.583 0.293 2.886 5.125 
 

3.589 0.293 2.886 5.125 
90:40 ratio (Palma) 2.069 0.273 1.497 3.668 

 
2.075 0.273 1.497 3.668 

Percentage in poverty 12.251 2.747 6.500 20.200 
 

12.280 2.759 6.500 20.200 
Percentage black 12.062 8.112 0.300 60.000 

 
12.267 8.198 0.300 60.000 

 a Sources: See footnote to Table 3.2.  
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FIGURES 

Figure 3.1. The contextual effect of income inequality on life expectancy 

  
Source: (Kawachi, 2011) 
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Figure 3.2. Scatterplot of NLMS respondent survival to five years versus state-level Gini 
coefficient (males) 
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Figure 3.3. Scatterplots of NLMS respondent survival to five years versus (a) state-level Palma 
(90:40) ratio and (b) percentage of state income going to households below the median income 
(males), with three largest states labeled 

 

 








