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Abstract

BACKGROUND—Factors including smoking, drinking, substance abuse, obesity, and health care 

have all been shown to affect health and longevity. The relative importance of each of these factors 

is disputed in the literature, and has been assessed through a number of methods.

OBJECTIVE—This paper uses a novel approach to identify factors responsible for interstate 

mortality variation. It identifies factors through their imprint on mortality patterns and can 

therefore identify factors that are difficult or impossible to measure directly, such as sensitive 

health behaviors.

METHODS—The analysis calculates age-standardized death rates by cause of death from 

2000-2009 for white men and women separately. Only premature deaths between ages 20-64 are 

included. Latent variables responsible for mortality variation are then identified through a factor 

analysis conducted on a death-rate-by-state matrix. These unobserved latent variables are inferred 

from observed mortality data and interpreted based on their correlations with individual causes of 

death.

RESULTS—Smoking and obesity, substance abuse, and rural/urban residence are the three 

factors that make the largest contributions to state-level mortality variation among males. The 

same factors are at work for women but are less vividly revealed. The identification of factors is 

supported by a review of epidemiologic studies and strengthened by correlations with observable 

behavioral variables. Results are not sensitive to the choice of factor-analytic method used.

CONCLUSIONS—The majority of interstate variation in mortality among white working-age 

adults in the United States is associated with a combination of smoking and obesity, substance 

abuse and rural/urban residence.
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1. Introduction

Understanding the underlying causes of variation in mortality is useful for health policy and 

intervention design. However, risk factors can be difficult to measure directly, as observed 

measures are often products of traits or circumstances that are unobserved, partially 

observed, or complex and multidimensional. An alternative is to infer the effects of risk 

factors indirectly using a latent variable approach. Because factors that influence mortality 

typically manifest themselves in several causes of death, associations among causes of death 

over time or space may provide important information about underlying causal factors. 

Without explicitly introducing a latent variable model, such reasoning has been used to infer 

the role of cigarette smoking (Peto et al. 1992; Preston et al. 2011) and the quality of the 

health care system in explaining variation in US mortality (Nolte and Mckee 2004).

In this paper we take advantage of variation in mortality by cause of death across US states 

to identify the underlying factors that are creating such variation. The emphasis is on 

behavioral factors that affect the risk of death. Previous studies have suggested that 

behavioral factors play a leading role in explaining US mortality (Mokdad et al. 2004; 

Mokdad et al. 2005; Murray et al. 2006; Danaei et al. 2009; 2010; Mehta and Preston 2012; 

Murray et al. 2013).

The primary approach to identifying the role of behavioral factors in interstate mortality 

variation is to apply relative risks derived from epidemiologic studies to the risk factor 

distribution of populations using the population attributable fraction (PAF) (Danaei et al. 

2009; Danaei et al. 2010). In order to provide reliable results, such an approach requires 

accurate data on both relative risks and on risk factor distributions. Neither is measured with 

a high degree of accuracy or certainty and in some instances the data are altogether 

unavailable. For example, the fraction of deaths attributable to obesity in the US varies by a 

factor of 3-4 depending on which set of national estimates of relative risks is employed 

(Mehta and Chang 2009). Relative risks from smoking depend on the number of cigarettes 

consumed per day, inhalation, filtration, tar content, and especially the duration and past 

intensity of the habit. These elements are not readily captured in a single variable. Data on 

other behaviors, such as use of illicit drugs and unsafe sex, are often unreliable because of 

their sensitive nature. Finally, the source of data for most regional analyses of health patterns 

in the US, the Behavioral Risk Factor Surveillance Survey (BRFSS), is subject to several 

important limitations related to validity and comparability of data, including reliance on self-

reported data, exclusion of households without telephones, and high rates of non-response. 

The national response rates for BRFSS in 2011 were 53.0% for landlines and 27.9% for cell 

phones (Centers for Disease Control and Prevention 2013a).

The present study takes an entirely different approach. It treats behavioral factors as latent 

variables that are identifiable through covariation of causes of death across populations. The 

operation of a particular risk factor is expected to appear in the form of high correlations 

across states within the cluster of causes of death for which its relative risks are greatest. 

Unlike prior studies, the present study is not limited to the subset of risk factors that can be 

reliably measured; thus it has the potential to uncover previously overlooked patterns of risk 

in populations. Also, because this approach is independent of the attributable-risk approach, 
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it provides a valuable independent assessment of the contribution of behavioral risk factors 

to mortality variation.

2. Background and approach

Through straightforward decompositional methods, inter-population differences in death 

rates or life expectancy can be readily assigned to various causes of death (Preston et al. 

2001). Beyond their contributions to such accounting exercises, death rates from a particular 

cause have also been used as indicators of broader determinants of mortality. One set of 

applications of this approach has used particular causes of death (variously termed 

“sentinel”, “tracer” or “amenable” causes) as indicators of the performance of a medical 

system (Polednak 2000; Nolte and McKee 2008).

A second set of applications has used lung cancer as an indicator of smoking prevalence and 

intensity (Peto et al. 1992; Preston et al. 2010; Fenelon and Preston 2012). Statistical 

relations were established between lung cancer mortality and mortality from other causes of 

death across OECD countries (Preston et al. 2011) and across states of the United States 

(Fenelon and Preston 2012). The statistical model used in these applications was negative 

binomial regression in which death rates from other causes of death were regressed on death 

rates from lung cancer and a set of indicator variables. The causal model assumed in this 

approach is shown in Figure 1A. But if mortality from both lung cancer and other causes of 

death are functions of smoking, then smoking should be treated as a latent variable, as 

shown in Figure 1B. Furthermore, there is no reason to expect that smoking is the only 

factor at work in fashioning population mortality patterns: the role of smoking should be 

inferred in a multivariate context.

In the present analysis we assume that behavioral factors are latent variables whose effects 

manifest themselves in a variety of causes of death. We will employ a list of mutually 

exclusive causes of death, without prejudging which causes of death, or behavioral risk 

factors, are to be featured.

The influence of a particular risk factor will be inferred from the significance of variation in 

causes of death with which that factor is most closely associated. We look, in particular, for 

causes of death associated with four behavioral risk factors: smoking, obesity, alcohol abuse, 

and illicit drug use. Obesity is not technically a behavioral risk factor but we refer to it as 

such because it closely related to behaviors of dietary intake and physical activity. We also 

consider a non-behavioral factor, the quality of the health care system. In some instances 

operation of a factor can be identified through explicit terms contained in the International 

List of Diseases, Injuries, and Causes of Death, e.g., alcohol poisoning. In these cases the 

behavioral factor (alcohol) has been assigned by the attending physician or coroner. More 

commonly, we rely on epidemiologic studies, and meta-analyses thereof, to identify the 

causes of death that demonstrate the highest relative risks for a particular risk factor.

Table 1 presents, in alphabetical order, the set of causes of death that we expect to be most 

closely associated with the five risk factors that we consider. Amenable causes represent 
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deaths that are considered avoidable through medical services. References to the studies that 

support such identifications are included.

3. Data and methods

We use factor analysis to identify latent variables underlying mortality variation between US 

states during the period 2000–2009. Factor analysis describes observed, correlated variables 

by means of a smaller number of latent, unobserved variables or ‘factors’. These factors are 

ordered by the amount of variance they explain. Each factor identified has a factor loading 

for each of the observed variables (i.e., mortality rates for a particular cause of death). The 

loading is the correlation between that factor and a particular cause of death, and the sum of 

their correlations across k factors is how much variation in that cause of death can be 

explained by k factors. Each factor also produces a factor score for each observation (i.e., 

state), indicating the relative intensity of the operation of that factor in the state.

In mathematical terms, cause-specific death rates (C1, C2...Cp) are treated as functions of 

underlying factors (F1, F2...Fm). Each cause of death is linearly related to the chosen number 

of factors as shown:

(1)

where Cj represents the jth of p causes of death obtained from n independent subjects 

(states). Bjm represent the factor loadings relating cause of death j to the mth factor F, and ej 

represents the variance unique to cause of death Cj (Brown 2006).

We examine mortality by cause of death for white persons aged 20-64. Deaths within this 

age range are conventionally considered ‘premature’. Those dying are less likely to suffer 

from multiple pathologic processes that can make cause of death assignments more 

uncertain at older ages. As demonstrated in the electronic supplementary material, results 

are very similar when the age range is expanded. Attention is confined to the white 

population in order to minimize the role of sources of variation associated with race.

We obtained counts of deaths by age, state, and cause of death from the National Center of 

Health Statistics (NCHS) (2010). State identifiers for deaths in years 2007-2009, not 

available in the public-use mortality file, were obtained through a special request to the 

NCHS. State level mid-year population estimates are taken from the National Center for 

Health Statistics bridged-race population estimates (National Center for Health Statistics 

2012b). Hawaii is dropped from the analysis because of its very small number of deaths. We 

calculate the death rates by age, state, and cause of death over the decade 2000–2009. By 

pooling ten years of data we are able to calculate reliable rates for a larger set of causes of 

death. We then age-standardize the death rates using the age distribution of the US 

population in 2000 as the standard (Anderson and Rosenberg 1998). We perform separate 

analyses for men and women.

We use cause-of-death groupings from the recently published Global Burden of Disease 

compendia (GBD), which were developed for public health applications from the 
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International Classification of Diseases versions 9 and 10 (Naghavi et al. 2010). We have 

made several modifications to the GBD list that are described in the electronic 

supplementary material. Most of these adjustments disaggregate individual causes of death 

with epidemiological significance from larger groups of causes (e.g., alcoholic liver cirrhosis 

is separated from the cirrhosis of the liver category). Causes of death with fewer than 5,000 

deaths for either sex during the decade for the US as a whole are eliminated from the 

analysis.

Analysts using factor analysis face several methodological choices. For our basic analysis 

we use the procedures that are most conventional: factors are assumed to be uncorrelated 

with one another, factor scores for each state or state-year are estimated using the regression-

based approach, scree plots are used to determine the number of factors selected, and 

varimax rotation is used after determining the number of factors to retain. As demonstrated 

in the electronic supplementary material, results are not sensitive to these choices.

This is not the first effort to use factor analysis or its close relative, principal components 

analysis, in a study of mortality variation (see United Nations (1982) and Gavrilova et al. 

(2002) for earlier examples). However, to the best of our knowledge it is the first effort to 

use spatial variation in mortality by cause of death to identify latent variables responsible for 

mortality variation.

4. Results

We chose to include three factors for each sex, because plots of the proportion of variance 

explained by the successive addition of factors to the analysis (scree plots) show a rapid fall-

off after three for males. For females the drop off is not as abrupt, but we retained three 

factors to remain consistent across sexes. In the electronic supplementary material we show 

that factor loadings for the first three factors are not sensitive to the choice of the number of 

factors retained. The scree plots and eigenvalues of the factor analysis also appear in the 

electronic supplementary material. The first factor explains 34% of the total variance in 

causes of death for males and 33% of the total variance for females. The cumulative variance 

explained by three factors is 61% and 56% for males and females, respectively.

Table 2 presents the factor loadings for males. The table contains only factor loadings that 

are greater than 0.60 (p<.00001). These factor loadings are simply the correlation 

coefficients between the columns (factors) and rows (causes of death). We chose a relatively 

high cutoff of 0.60 in our interpretation of factors, but all loadings are reported in the 

appendix. We have given names to the factors based upon our expectations of the causes of 

death with which a factor is most closely identified. We label the first factor “Smoking/

Obesity”. The cause of death with which the first factor is most highly correlated is lung 

cancer (r = 0.947). In fact, this is the highest correlation of any cause of death with any 

factor for either sex. This result is a clear indication of the importance of smoking to 

explaining interstate variation in mortality.

Most of the other causes of death that are heavily loaded on Factor 1 are also closely 

associated with smoking: COPD, oral cancers, ischemic heart disease, and cerebrovascular 
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disease. Such a pattern accords with our expectations about patterns of variation by cause of 

death that should be observed if smoking were an important contributor to interstate 

variation in mortality. In fact, 7 of the 10 causes of death identified in Table 1 to be most 

strongly associated with smoking have loadings on Factor 1 above 0.60. The 3 remaining 

causes of death identified for smoking in Table 1 have moderately high loadings: esophagus 

cancer (0.594), aneurysm (0.567), and bladder cancer (0.457). Also appearing on the list of 

heavily loaded causes of death is exposure to smoke and heat, often a consequence of 

careless smoking (United States Fire Administration 2013).

One cause of death with only mildly elevated risks for smokers also appears on the list of 

causes with high loadings on Factor 1: diabetes mellitus. That is one of the most important 

causes of death through which obesity operates. Colorectal cancers are also closely 

associated with obesity (Table 1) and appear in the list of heavily loaded causes on Factor 1. 

Cerebrovascular disease and ischemic heart disease appear on the lists of diseases closely 

associated with both smoking and obesity. In other words, Factor 1 includes representations 

of both smoking and obesity as causal factors in mortality variation, and their influences are 

not readily disentangled. This issue is addressed in more detail below.

Figure 2 shows the map of factor scores for Factor 1 among males. Clearly, this factor is 

heavily concentrated in the Appalachian region down through the Deep South. The lowest 

factor scores are concentrated in the West, especially Utah and Colorado. This pattern is 

highly correlated with death rates from lung cancer, but it is also highly correlated with 

death rates from all causes combined (r = .72). This latter correlation is not a necessary 

result of using factor analysis because the correlations between causes of death do not reflect 

the relative magnitude of death rates from various causes, only their patterns of variation 

across multiple causes.

We have labeled Factor 2 for males “Substance Abuse”, an ascription that appears 

particularly clear-cut. Hepatitis and HIV/AIDS are associated with drug abuse and 

unsanitary use of needles, and accidental poisonings consist almost exclusively of drug 

overdoses. Liver cirrhosis and liver cancer are associated with hepatitis and substance abuse. 

Six of the nine causes of death hypothesized to be most closely associated with drug abuse 

in Table 1 have factor loadings above 0.60 in Table 2. Alcohol abuse appears to play a role in 

Factor 2 as well. Liver cancer, alcoholic liver cirrhosis, and interpersonal violence are 

closely associated with alcohol abuse (Table 1) and appear on the list of causes of death 

most heavily loaded on Factor 2. “Other digestive diseases” are also heavily loaded on male 

Factor 2. This category includes pancreatitis and liver disease, which are often an outcome 

of alcohol abuse (Rehm 2011). The appearance of substance abuse as a major factor in 

explaining mortality variation is an important finding, as previous studies have found it 

difficult to measure substance abuse and to understand its contribution to mortality variation. 

This appears to be the first instance in which a geographic pattern of mortality from various 

causes of death associated with substance abuse has been identified.

Figure 2 shows a map of factor scores for male Factor 2. The highest scores occur in states 

along the southern perimeter from Florida to California, with the highest scores in New 

Mexico and Nevada. Lowest values are observed in the upper Midwest, especially in North 
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and South Dakota. Unlike other factors, we have a limited understanding of the expected 

geographic variation in substance abuse, and therefore are more speculative in our 

interpretation of the factor scores. One hypothesis is that the geographic pattern could reflect 

a greater relative ease of drug trafficking along the southern border.

Factor 3 for males is a vivid pattern associated with injuries. The five causes of death that 

correlate the highest with this factor are all some form of injury, including self-inflicted 

injuries, transport injuries, exposure to mechanical forces, other accidents, and drowning 

(Table 2). The death rate from falls is the next most highly correlated with Factor 3 at 0.586. 

While deaths from drowning and falls are not numerous, their geographic distribution is 

quite similar to that of several more important sources of fatal injury.

Figure 2 presents the map of factor scores for male Factor 3. Montana and Wyoming lead the 

way in injury mortality, with other states in the Mountain time zone also exhibiting high 

scores. States with large urban populations like New York, Massachusetts, New Jersey, 

Illinois, and California have the lowest scores on this factor. Below, we demonstrate more 

formally the connection between rurality and Factor 3, a connection that supports our 

designation of this factor as a rural/urban factor. That mortality from injuries is higher in 

rural areas has been clearly demonstrated (Myers et al. 2013). A high rate of mass transit use 

may help keep mortality from transport injuries low in urban states, while lower population 

density in rural states may increase driving exposure. An individual’s greater proximity to 

trauma centers in urban areas may also contribute (Myers et al. 2013). Another factor may 

be increased exposure to occupational hazards in rural areas. That suicide is also heavily 

loaded on this factor is intriguing, since transport injuries, falls, and drownings represent 

additional ways of ending one’s life. Residents of rural areas have traditionally had higher 

suicide rates than urban residents (McCarthy et al. 2012; Singh and Siapush 2002). 

Furthermore, the map may reflect injury prevention laws, since mountain states tend to have 

the fewest injury prevention laws and northeastern states the most (Levi et al. 2012).

Table 3 presents the factor loadings for women. Factor 1 is labeled “substance abuse” 

because three of the five highest loadings are associated with substance abuse, including the 

clearest marker, accidental poisoning. The other two causes most heavily loaded on female 

Factor 1 are other digestive diseases and interpersonal violence, also plausibly linked to 

substance abuse. The first two factors for men and women are the same two factors, but 

reversed in order. Like male factor 2, female Factor 1 contains high loadings for liver 

cirrhosis, liver cancer, accidental poisoning, hepatitis, and other digestive diseases. Suicide 

and transport injuries are also plausibly associated with substance abuse and appear in the 

list of the causes most highly correlated with Factor 1. Cerebrovascular disease has the 

second highest loading, and is an important condition through which substance abuse 

operates (Kaku and Lowenstein 1990). But there are a total of 15 causes of death loaded at 

0.60 or better with female Factor 1, including causes closely associated with smoking 

(COPD, respiratory diseases) and obesity (diabetes mellitus). As a result, this factor is not as 

coherently identified with substance abuse as is Factor 2 for males. Nevertheless, female 

Factor 1 scores and male Factor 2 scores are correlated at a modest 0.60, indicating that they 

are tapping into somewhat the same sources.
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Figure 3 presents a map of factor scores for Factor 1 for women. As in the case of substance 

abuse for men (Figure 2), scores for women are lowest in the upper Midwest and high in the 

Southwest, especially in New Mexico and Nevada. However, high scores are also found in 

Appalachia for women, whereas male scores in Appalachia were closer to zero.

Factor 2 for women is labeled “Smoking/Obesity”, because out of the five causes of death 

with loadings over 0.60, two are strongly associated with smoking (lung cancer and 

ischaemic heart disease) and three are strongly associated with obesity (colorectal cancer 

and breast cancer, as well as ischaemic heart disease). In contrast to male Factor 1, neither 

COPD nor oral cancers makes the list of most highly correlated causes, thus failing to 

support a primary smoking interpretation for the factor. Males have historically and currently 

smoked more heavily than females, while obesity levels are similar for the two sexes 

(National Center for Health Statistics 2012a). So it may not be surprising that smoking is 

more strongly represented in male Factor 1 than in female Factor 2. In further support of the 

interpretation of female Factor 2 as a “Smoking/Obesity” factor, female Factor 2 scores and 

male Factor 1 scores are highly correlated at 0.82, suggesting that the two factors are 

responding to the same underlying sources of variation. Figure 3 also shows that the factors 

scores for this factor are highest in a band that runs from West Virginia through Kentucky, 

Arkansas, and Oklahoma, with high scores in the Midwest as well. The lowest factor scores 

can be found in the West, especially the Four Corners. This map is quite similar to that of 

male Factor 1, as implied by the high correlation between the factors. Alcohol poisoning and 

alcoholic liver cirrhosis are two negatively loaded causes on this factor (see Appendix Table 

S3), implying a negative spatial association between alcohol abuse and smoking/obesity.

Factor 3 for females does not emerge as a coherent set of causes of death since only one 

cause, HIV/AIDS, has a factor loading above 0.60. This result is consistent with the fact that 

female Factor 3 explains less variance (8.4%) than male Factor 3 (13.4%). However, as 

shown below, Factor 3 for females has an important rural/urban dimension, as it does for 

males. The death rate from HIV/AIDS can be interpreted as a (negative) indicator of rurality. 

In fact, death rates from injury, which dominate Factor 3 for males, are negatively correlated 

with Factor 3 for females: falls (−0.416), transport injuries (−0.411), other accidents 

(−0.309) and self-inflicted wounds (−0.276). Male and female factor scores for Factor 3 

have a fairly strong inverse relationship (r= −0.60). The highest scores on Factor 3 for 

females is found in states with the largest urban areas: New York, New Jersey, California, 

Texas, Illinois, and Florida. The lowest factor scores are concentrated in the Northwest.

4.1 Relation of factors to all-cause mortality

The factors have been identified through patterns of correlation between causes of death. 

These correlations take no account of the magnitude of a particular death rate, so there is no 

necessary relationship between a factor and the proportion of all-cause mortality that it 

accounts for. Nevertheless, the factors do account for a high degree of variation in all-cause 

mortality. The three male factors correlate with the age-standardized death rate from all 

causes, at 0.72, 0.45, and 0.47, respectively. The three female factors correlate with all-cause 

mortality, at 0.68, 0.65, and 0.20, respectively. In an Ordinary Least Squares regression, the 

three factors explain 94% of the variance in all-cause mortality for men and 93% for women.
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So far we have used only age-standardized rates in the analysis. It would be reassuring if the 

factors identified had a plausible age pattern of correlation with all-cause mortality, one that 

reflected the age patterns of mortality by cause. Figure 4 for males and 5 for females show 

that this expectation is realized. The correlation between all-cause age-specific death rates 

and the smoking/obesity factor grows stronger with age, its correlation with the rural/urban 

factor grows weaker with age, and its correlation with the substance abuse factor is an 

inverted U-shape. These age patterns mimic the age patterns of mortality for the main causes 

of death associated with each of the factors (National Center for Health Statistics 2012a).

4.2 Validation

Table 4 presents correlations between factor scores and various measures related to the 

factors that we have identified. Most of these measures are drawn from the Behavioral Risk 

Factor Surveillance System (BRFSS), an annual survey conducted by the National Center 

for Health Statistics that provides data on risk factor distributions by state. Despite the flaws 

in BRFSS data as described in the introduction, it is the best source of information on how 

risky behaviors vary from state to state. For most measures we have been able to tabulate 

micro-level data in order to examine the distributions for the white population aged 20-64 by 

sex.

The correlations in Table 4 provide solid support for the interpretations that we have given to 

the factors. Male Factor 1 (Smoking/Obesity) scores are correlated across states at 0.75 or 

above with measures of the prevalence of smoking and of obesity. These are among the 

highest correlations in Table 4. The highest correlation involving Male Factor 2 (Substance 

Abuse) is with self-reported nonmedical prescription drug use (0.53). Male Factor 3 is most 

highly correlated with indicators of rural residence: miles driven (0.77), gun ownership 

(0.87), and living outside a Metropolitan Statistical Area (0.63). The correlation between 

gun ownership and the male injury factor is the highest of any of the 72 correlations in Table 

4. Gun ownership is also highly correlated at −0.79 with female Factor 3.

Consistent with the interpretation of female Factor 1 as one of substance abuse, the factor 

has moderately high loadings with painkiller abuse (0.63) and illicit drug abuse (0.53). 

However, the highest correlations for female Factor 1 are with the two measures of health 

care access. Health care access may play a strong role in the spatial patterning of this factor, 

which would be consistent with the broad range of causes of death highly loaded on Factor 1 

for females. On the other hand, the ‘amenable causes’ that are thought to be most sensitive 

to the quality of medical services are not prominent in female Factor 1. Female Factor 2 

(Smoking/Obesity) is most highly correlated with the prevalence of smoking (0.56), obesity 

I (0.38), and obesity II (0.42). The correlations of other measures with female Factor 2 are 

very low. Female Factor 3 correlations are consistent with a rural/urban interpretation, as all 

three indicators of rural residence are negatively correlated: miles driven (−0.54), gun 

ownership (−0.79), and living outside a Metropolitan Service Area (MSA) (−0.72).

5. Discussion

The application of factor analysis to state-specific mortality by cause of death has revealed a 

set of factors with a substantial degree of epidemiologic coherence. Smoking/obesity, 
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substance abuse, and rural/urban residence emerge as the most prominent sources of 

mortality variation among men. Similar but weaker patterns are observed in females. 

Confidence in the identification of these factors is increased by high correlations between 

the factors and survey-based estimates of exposure to various risks.

Of note, we found that three factors were able to explain the majority of US mortality 

variation among working-age adults in both men and women. The finding of a large 

contribution of behavioral risk factors to mortality variation is consistent with previous 

studies (Danaei et al. 2010; Fenelon and Preston 2012). One prior study estimated that 

targeting just four of the leading modifiable risk factors could increase overall life 

expectancy in the US by more than four years and reduce differences in life expectancy 

across population sub-groups by as much as 20% (Danaei et al. 2010).

The two leading behavioral risk factors in the United States, smoking and obesity, did not 

emerge as separate factors in the analysis. The identification of smoking and obesity as 

separate factors may have been prevented by the fact that these two behaviors are highly 

correlated at the population level. The correlation of smoking and obesity prevalence across 

states as measured in the 2005 BRFSS (variables in Table 4) was .63 for men and .52 for 

women. The fact that both behaviors have significant pathways operating through ischaemic 

heart disease and cerebrovascular disease further impedes their distinction. With respect to 

male Factor 1, however, the preeminence of lung cancer and the list of highly loaded causes 

of death clearly suggest a stronger role for smoking than for obesity.

Substance abuse, including alcohol and particularly drug-use, emerged as important sources 

of mortality variation for both men and women in our analysis. The role of drug-use in 

American mortality patterns is underappreciated, likely because it is not easily amenable to 

measurement. However, our findings are consistent with recent literature, which shows 

rising death rates from prescription medication abuse, particularly among white women 

(Centers for Disease Control and Prevention 2013b).

Our analysis also revealed an important role for rural/urban status in US mortality patterns. 

This role was particularly prominent among males, for whom rurality was associated with 

higher injury death rates, including transport injuries and suicide. Our findings suggest that 

gun ownership and increased exposure to driving may be two factors underlying the rural 

penalty for males; however, future work should seek to identify a more complete set of risk 

factors associated with rurality.

The set of causes associated with a particular factor has greater coherence for men than for 

women, and the factors explain more variance for men. This gender difference is likely a 

result of the fact that risk factors like smoking and drug abuse, as well as the constellation of 

risk factors that give rise to injury, are more prominent among men. The clearer results for 

males may also be caused by the fact that there are many more male deaths for statistical 

analysis than female deaths (2,308,783 deaths for the male analysis compared to 1,215,719 

deaths for the female analysis).

Causes of death that we expect to be most sensitive to the availability and quality of health 

services did not emerge in a latent variable for either sex. Uncertainty is added about the role 
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of health services because the percent uninsured and the percent who cannot afford health 

care in a state are highly correlated with female Factor 1. It may be that health services 

manifest themselves in mortality over a wider variety of causes of death than implied by 

previous efforts to identify the set of sentinel or amenable causes of death.

Latent variable analysis of causes of death is complementary to the more standard 

attributable-risk approach in which a set of relative risks associated with a particular risk 

factor is applied to the risk factor distribution of the population. The latent variable approach 

does not require prevalence or relative risk estimates and is not sensitive to errors therein. 

Population exposure data and relative risks are typically available for only a small subset of 

risk factors and data errors may be especially prominent for data on sensitive health topics 

commonly elicited through self-report (e.g., body mass index, unsafe sex, and illicit drug-

use). The present approach uses US vital statistics, a rich source of data with temporal depth 

and fine geographic detail.

Our latent variable analysis of US cause-of-death data reveals that the majority of mortality 

variation in white working-age adults can be explained by three readily interpretable factors. 

These factors are smoking/obesity, substance abuse, and rural/urban status. Although the 

patterns were stronger in men, findings were generally consistent across the sexes. Future 

analyses using the present approach should include extensions to older ages, to other racial/

ethnic groups, to time series data, and to finer geographic detail (e.g., US counties). The 

present approach may also prove valuable for identifying the contribution of modifiable risk 

factors to mortality patterns in other countries that have complete or near-complete vital 

registration and in which data to implement the standard attributable risk approach are 

lacking. More than 60 countries around the world met this criterion as of 2003 (Mathers et 

al. 2005).
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Figure 1. 
Directed acyclic graphs portraying the (A) incorrect causal model; (B) correct causal model
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Figure 2. 
Male factor score maps
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Figure 3. 
Female factor score maps
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Figure 4. 
Correlations between factor scores and age-specific death rates from all causes combined, 

for men
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Figure 5. 
Correlations between factor scores and age-specific death rates from all causes combined, 

for women
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Table 1

Risk factors and associated causes of death

Smoking Obesity Alcohol Use Drug Use Amenable Causes

Aneurysm Breast cancer Alcohol poisoning Accidental
poisonings

Breast cancer

Bladder cancer Cerebrovascular
disease

Breast cancer Cardiomyopathy Cervical cancer

Cerebrovascular
disease
COPD

Colorectal cancer
Corpus Uteri

cancer

Esophageal cancer
Interpersonal

violence

Cerebrovascular
disease

Hepatitis

Colorectal cancer
Diabetes mellitus

Esophageal
cancer

Diabetes mellitus Larynx cancer HIV/AIDS Respiratory diseases

Ischemic heart
disease

Esophageal
cancer

Liver cancer Hypertensive
Heart Disease

Skin cancer

Larynx cancer Ischemic heart
disease

Liver cirrhosis Liver cirrhosis

Lung Cancer Kidney cancer Oral cancer Liver Cancer

Oral Cancer Kidney disease Self-inflicted harm Self-Inflicted
harm

Respiratory
diseases

Liver cirrhosis Transport injuries

Abbreviations: COPD, Chronic Obstructive Pulmonary Disease.

Notes: Causes of death are compiled from the following sources. Smoking: Pirie et al. 2012, Ezzati et al. 2005a, Ezzati et al. 2005b, Oza et al. 
2011; Obesity: Whitlock et al. 2009, Renehan et al. 2008. Alcohol Use: Lim et al. 2013, Corrao et al. 2004, Taylor et al. 2010. Drug Use: Single et 
al. 1999, Van Den Berg et al. 2007, Wijetunga et al. 2003. Amenable Causes: Nolte and McKee 2004, 2008, Polednak 2000.
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Table 2

Male factor loadings

Smoking/Obesity Substance Abuse Rural/Urban

Cause of Death Factor
Loading

Cause of Death Factor
Loading

Cause of Death Factor
Loading

Lung, Trachea, and
Bronchus Cancer 0.947 Liver Cancer 0.844 Self-Inflicted

Injuries 0.849

Colorectal Cancer 0.884 Interpersonal
Violence 0.834 Transport Injures 0.794

Ischemic Heart Disease 0.880 Hepatitis 0.804 Exposure to
Mechanical Forces 0.770

Oral Cancer 0.837 Non-Alcoholic
Liver Cirrhosis 0.771 Other Accidents 0.753

Larynx Cancer 0.820 HIV/AIDS 0.758 Accidental
Drowning 0.611

Cerebrovascular
Disease 0.757 Accidental

Poisoning 0.706

Chronic Obstructive
Pulmonary Disease 0.749 Other Digestive

Diseases 0.670

Exposure to Smoke or
Heat 0.744 Hypertensive

Heart Disease 0.643

Pancreatic Cancer 0.729 Alcoholic Liver
Cirrhosis 0.640

Non-Hodgkins
Lymphoma 0.717

Leukemia 0.706

Respiratory Disease 0.690

Diabetes Mellitus 0.635

Notes: Death registration data is taken from the NCHS and includes white men ages 20-64 and years 2000-2009. Factor analysis is run on a state by 
age-standardized cause of death matrix that generates three factors. Factor loadings represent the correlations between causes of death and these 
factors. All correlations over 0.6 (p<.00001) are reported in this table.
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Table 3

Female factor loadings

Substance Abuse Smoking/Obesity Rural/Urban

Cause of Death Factor
Loading

Cause of Death Factor
Loading

Cause of Death Factor
Loading

Interpersonal Violence 0.879 Colorectal Cancer 0.743 HIV/AIDS 0.728

Cerebrovascular
Disease

0.876 Breast Cancer 0.740

Other Digestive
Diseases

0.869 Lung, Trachea, and
Bronchus Cancer

0.725

Non-Alcoholic Liver
Cirrhosis

0.837 Non-Hodgkins
Lymphoma

0.651

Accidental Poisoning 0.778 Ischaemic Heart
Disease

0.618

Chronic Obstructive
Pulmonary Disease

0.769

Transport Injures 0.761

Respiratory Diseases 0.751

Cervical Uteri Cancer 0.749

Ischaemic Heart
Disease

0.726

Self-inflicted Injuries 0.718

Diabetes Mellitus 0.690

Hepatitis 0.663

Liver Cancer 0.654

Other Accidents 0.613

Notes: Death registration data is taken from the NCHS and includes white women ages 20-64 and years 2000-2009. Factor analysis is run on a state 
by age-standardized cause of death matrix that generates three factors. Factor loadings represent the correlations between causes of death and these 
factors. All correlations over 0.6 (p<.00001) are reported in this table.
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Table 4

Factor score correlations with variables of interest

Men Women

Measure
Smoking/
Obesity

Substance
Abuse

Rural/
Urban

Substance
Abuse

Smoking/
Obesity

Rural/
Urban

Health
Behaviors

Percent Smoke

Everyday (2005)
a

0.765 0.040 0.325 0.553 0.556 −0.188

Percent Obese I

(BMI>30)
b

0.759 −0.291 0.220 0.502 0.380 −0.369

Percent Obese II

(BMI>35)
c

0.752 −0.319 0.085 0.557 0.415 −0.308

Percent Nonmedical
Painkiller Use, Past

Month
d

0.239 0.445 0.269 0.63 −0.095 −0.016

Percent Drug Use,
Past Month (Not

Marijuana)
e

0.199 0.526 0.072 0.528 −0.052 0.171

Health Percent Binge

Behaviors
Drinker Last Month

f
−0.333 −0.290 −0.355 −0.610 0.075 −0.007

Health
Care
Access

Percent Uninsured
g

0.148 0.430 0.495 0.765 −0.235 −0.117

Percent Cannot
Afford Health Care

Last 6 Months
h

0.378 0.349 0.547 0.841 −0.118 −0.079

Poverty
Percent in Poverty

i
0.419 0.470 0.419 0.254 0.280 0.024

Ecological
Exposures

Yearly Miles Driven

Per Person
j

0.077 −0.090 0.765 0.438 −0.181 −0.543

Percent Gun

Ownership
k

0.208 −0.347 0.873 0.345 −0.010 −0.787

Percent Lives

Outside MSA
l

0.101 −0.464 0.630 0.084 0.082 −0.720

a
2005 Behavioral Risk Factor Surveillance System (BRFSS) for white men/women ages 20-65 (Centers for Disease Control and Prevention 2005).

b
2005 Behavioral Risk Factor Surveillance System (BRFSS) for white men/women ages 20-65 (Centers for Disease Control and Prevention 2005).

c
2005 Behavioral Risk Factor Surveillance System (BRFSS) for white men/women ages 20-65 (Centers for Disease Control and Prevention 2005).

d
2006-2007 Substance Abuse and Mental Health Services Administration survey data (Hughes et al. 2009). These measures are for the entire 

United States population

e
2006-2007 Substance Abuse and Mental Health Services Administration survey data (Hughes et al. 2009). These measures are for the entire 

United States population

f
Binge drinking is defined as having 5 or more drinks on at least one occasion in the past 30 days.

g
Binge drinking is defined as having 5 or more drinks on at least one occasion in the past 30 days.

h
Binge drinking is defined as having 5 or more drinks on at least one occasion in the past 30 days.

i
2011 American Community Survey for whites.

Demogr Res. Author manuscript; available in PMC 2015 July 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tencza et al. Page 24

j
Federal Highway Administration (2001) data for all Americans with drivers licenses.

k
2001 BRFSS measure for all Americans. (Centers for Disease Control and Prevention 2001)

l
Binge drinking is defined as having 5 or more drinks on at least one occasion in the past 30 days.

Demogr Res. Author manuscript; available in PMC 2015 July 02.


	Abstract
	1. Introduction
	2. Background and approach
	3. Data and methods
	4. Results
	4.1 Relation of factors to all-cause mortality
	4.2 Validation

	5. Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2
	Table 3
	Table 4

