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Abstract

Background: Income disparities in mortality are profound in the United States, but reasons for this remain largely
unexplained. The objective of this study was to assess the effects of health behaviors, and other mediating pathways,
separately and simultaneously, including health insurance, health status, and inflammation, in the association between
income and mortality.

Methods: This study used data from 9925 individuals aged 20 years or older who participated in the 1999–2004 National
Health and Nutrition Examination Survey (NHANES) and were followed up through December 31, 2006 for mortality. The
outcome measures were all-cause and CVD/diabetes mortality. During follow-up 505 persons died, including 196 deaths
due to CVD or diabetes.

Results: After adjusting for age, sex, education, and race/ethnicity, risk of death was higher in low-income than high-income
group for both all-cause mortality (Hazard ratio [HR], 1.98; 95% confidence interval [CI]: 1.37, 2.85) and cardiovascular
disease (CVD)/diabetes mortality (HR, 3.68; 95% CI: 1.64, 8.27). The combination of the four pathways attenuated 58% of the
association between income and all-cause mortality and 35% of that of CVD/diabetes mortality. Health behaviors
attenuated the risk of all-cause and CVD/diabetes mortality by 30% and 21%, respectively, in the low-income group. Health
status attenuated 39% of all-cause mortality and 18% of CVD/diabetes mortality, whereas, health insurance and
inflammation accounted for only a small portion of the income-associated mortality (#6%).

Conclusion: Excess mortality associated with lower income can be largely accounted for by poor health status and
unhealthy behaviors. Future studies should address behavioral modification, as well as possible strategies to improve health
status in low-income people.
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Introduction

Income disparities in health outcomes remain profound despite

national and local efforts [1]. According to a study in the United

States in 1998, people with low income, i.e. annual household

income ,$10,000, were about three times more likely to die than

those with higher income ($ $30,000) [2]. The impact of low

income on mortality is likely transmitted through several potential

mediating pathways that influence an individual’s health [3].

Although numerous studies have examined the association

between socioeconomic factors and health [4–8], the mechanisms

are yet to be explored. Two early interpretations for health

disparities include material deprivation and psychosocial mecha-

nisms. While some researchers highlighted the importance of

material resources, such as food and access to services [4], others

emphasized psychosocial conditions such as depression, insecurity

and stress [5–8]. Further, some studies have moved beyond

associations and quantified the extent of mediating effects of

individual pathways [2,9,10]. Expanding the examination to

multiple mediators will allow for quantifying the relative contri-

bution of different mediators, thus help planning towards health

equity, a goal of the Healthy People 2020 in the United States

[11].

Several key risk factors of mortality are more common among

individuals with low income. These include, first, unhealthy

behaviors, such as consumption of a low-quality diet, physical

inactivity, tobacco use, and heavy alcohol use [12], second, lack of

health insurance, a key indicator of access to medical care in the

United States [13], and third, worse health status, including

disability and poor perceived health [14]. In addition, chronic

systemic inflammation, a biological predictor of all-cause and

cardiovascular mortality, is increased, independent of health

behaviors, among people with low income [15,16]. Although the

association between low income and risk factors of mortality has

been well documented, little is known about the extent to which

these risk factors, each and in combination, mediate the
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association between income and mortality. Previous work has

shown that health behaviors mediated the association between low

socioeconomic status and mortality only by 12% in a US study [2]

and by 42% in a European study, with single assessment, and by

72% with repeated assessments [9], indicating the importance of

examining other possible mediators besides health behaviors in

order to have a more comprehensive understanding of income-

associated mortality.

Previous studies used various measures of income to examine

different hypotheses about the negative relation between income

and health outcomes [17]. While ecological-level studies explained

the risk of death associated with income inequality, for example at

the state level [18], others used the individual-level measures [2].

An alternative approach, including both individual- and ecolog-

ical-level measures of income, suggests that individual income,

rather than income inequality, may be a better determinant of

mortality [19].

Therefore, this study investigated the mediating effects of four

pathways, separately and simultaneously, on the association

between individual income and mortality, using data from a

nationally representative sample of US civilians. Specifically,

objectives of this study were to estimate the extent to which health

behaviors, access to medical care, health status and systemic

inflammation accounted for any observed association between low

income and mortality.

Methods

Study Population
This study used data from the National Health and Nutrition

Examination Survey (NHANES) collected in 1999 through 2004

[20]. NHANES is an annual, cross-sectional survey that collects

data from a nationally representative sample of the non-

institutionalized U.S population. The survey includes household

interviews, physical examinations and blood sampling. The

present study was limited to respondents who were 20 years or

older (the age group that was eligible to answer all survey

questions, including alcohol use), and for whom data on all the

variables were available.

Mortality
Information about deaths was obtained from the NHANES

(1999–2004) Linked Mortality File, which was created by the

National Center for Health Statistics (NCHS) by linking the

NHANES data to the National Death Index (NDI). The public-

use version of the linked data includes the mortality status of all

respondents 18 years and older until December 31, 2006, as well

as person-month follow-up, and underlying cause of death [20].

Two types of mortality outcomes were used: all-cause mortality

and deaths caused by cardio-metabolic diseases including cardio-

vascular disease (CVD) and diabetes, both of which account for a

large proportion of the socioeconomic disparity in mortality [21].

Deaths from CVD/diabetes were identified based on the

International Statistical Classification of Diseases, 10th Revision (ICD-10)

(ICD-10 codes 100–178 180–199 E10–E14).

Income
Respondents completed questions on annual total family

income and family size. NHANES, then, calculated a Poverty

Income Ratio (PIR), the ratio of family income to the poverty

threshold for the family size in the year of the interview, using

tables on poverty that are published yearly by the U.S. Census

Bureau. In contrast to family income, the PIR is an inflation-

adjusted, and thus relatively stable, measure for analysis across

years. PIR was categorized, according to NHANES guidelines

[22], into low income (PIR #1.30: the federal cutoff point for

eligibility for the Food Stamp Program), intermediate income

(1.30,PIR #3.50), and high income (PIR.3.50).

Potential Mediators
Health behaviors include diet quality, physical activity, alcohol

use, body mass index (BMI), and cigarette smoking. Diet quality

was assessed by the Healthy Eating Index-2005 (HEI-05),

calculated from the reported dietary data. The HEI-05 ranges

from 0 to 100, with higher scores indicating greater compliance

with Dietary Guidelines for Americans, 2005 [23]. Physical activity was

measured by questions about leisure-time activity during the past

month. For respondents who reported engaging in moderate/

vigorous-intensity activity, NHANES assigned metabolic equiva-

lent of task (MET) scores using the reported frequency, duration

and intensity of the activity [20]. For those who did not report any

moderate/vigorous-intensity activity, a score of 0 was assigned.

Using total MET-hours per week scores, respondents were

categorized, similar to a previous report [24], as: inactive (0),

somewhat active (.0 to ,9) and active ($9). BMI, calculated

from measured weight and height as kg/m2, was categorized as

underweight (,18.5), normal range (18.5–24.9), pre-obese (25.0–

29.9) obese class I-II (30.0–39.9) and obese class III ($40.0).

Smoking status was self reported and defined as current smoker

versus non2/ex-smoker. Regarding alcohol use, respondents were

classified as non-drinkers (consumed no alcohol over the previous

year or ,12 alcoholic drinks in any one year), moderate drinkers

(#2 drinks/day for men and #1 drinks/day for women, as defined

by the U.S. Dietary Guidelines [23]), and heavy drinkers (.2

drinks/day for men and .1 drinks/day for women).

Health status at the time of the interview was assessed by self-

report and included: self-rated health, and disability. Self-

assessment of health, including self-rated health and functional

disability are considered to be valid and useful indicators of health

status [25,26]. Participants were asked to rate their general health

condition on a scale from 1–5; 1: excellent, 2: very good, 3: good,

4: fair, 5: poor. Following common practice, the answers were

dichotomized as good health (1, 2, or 3), and poor/fair health (4 or

5). Disability was defined based on 19 activities involving 5 major

domains: activities of daily living (ADL), instrumental activities of

daily living (IADL), leisure and social activities (LSA), activities for

lower extremity mobility (LEM), and general physical activities

(GPA) [27]. Participants that reported to have any difficulty in at

least one activity in a domain were considered to have a disability

in that domain. Self-reported current health insurance coverage

was used as an indicator of access to medical care. C-reactive

protein (CRP), a marker of systemic inflammation, was measured

in NHANES using a highly sensitive assay technique, using latex-

enhanced nephelometry. Details about the laboratory procedures

are reported elsewhere [28]. Higher values indicate more

inflammation. CRP was categorized as ,1 mg/L, 1–3 mg/L,

.3–10 mg/L, and .10 mg/L [29]. Age, sex, race/ethnicity and

education were assessed by self-report. Education was categorized

as: ,high school, high school graduate/some college, and $

college graduate.

Statistical Analysis
All statistical analyses were performed using SAS 9.2 proc

survey procedures (SAS Institute, Cary, NC). Data from

NHANES cycles 1999–2000, 2001–2002 and 2003–2004 were

combined. In all analyses sampling design and weights were used

to account for the complex sampling design in NHANES, thereby

generating nationally representative estimates. Differences be-
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tween the income groups were assessed by x2 tests. Cox

proportional hazards analyses were used to estimate the hazard

ratio (HR) and corresponding 95% confidence intervals (95% CI)

for the association between income category (low, intermediate,

and high) and either all-cause mortality (Model I) or CVD/

diabetes mortality (Model II), adjusted for demographic covariates

(age, sex, and race/ethnicity). To test the mediating effect, the

mediators were added, separately and simultaneously, to Model I

(for all-cause mortality) and Model II (for CVD/diabetes

mortality) (Figure 1). The extent of each mediating effect was

calculated similar to a recent report [9]:

(b Model I - b Model I+mediator(s)) 6 100/b Model I (all-cause

mortality).

(b Model II - b Model II+mediator(s)) 6100/b Model II (CVD/diabetes

mortality).

Additionally, 95% confidence intervals were constructed for the

estimates of the mediating effects, using bootstrapping re-sampling

technique [30].

Because health status and health behaviors are interrelated [31],

the overlap and independent mediating effects of these pathways

were also calculated. For this, the combined effect of health

behaviors and health status was calculated by adding these two

pathways in Model I and Model II. Then the combined effect was

subtracted from the sum of two individual effects to get the overlap

between the two pathways. Finally, the independent effect was

calculated for each pathway by subtracting the overlap from the

individual effect.

In addition to income, hazard ratios of mortality were estimated

for education in the total population, also stratified by gender and

race/ethnicity.

Sensitivity Analyses
To evaluate whether a possible reverse causation between

health and income, i.e. that low income caused by poor health,

could affect the results, we conducted a sensitivity analysis

excluding participants who were unemployed because of health

reasons. Unemployment was define as reporting ‘‘looking for

work’’ or ‘‘not working at a job/business’’ in the week before the

interview. Among unemployed individuals, those who reported

‘‘unable to work for health reasons’’ or ‘‘disabled’’ were considered

unemployed because of health reasons.

In addition, to examine the impact of mediating pathways

among different age groups, age-stratified models were used, using

three age groups: 20–44 years, 45–64 years, and 65 years and

older.

Figure 1. Schematic Diagram of Some Pathways That Mediate the Association Between Income and Mortality. Mediating effect was
Calculated as: (b Model I – b Model I+mediator(s)) 6 100/b Model I for all-cause mortality (b Model II - b Model II+mediator(s)) 6 100/b Model II for CVD/diabetes
mortality.
doi:10.1371/journal.pone.0049929.g001
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Table 1. Baseline characteristics by income groups.

Low income Medium Income High Income P a

PIR #1.30 1.3 ,PIR ,3.5 PIR $ 3.50

N = 2617 N = 3855 N = 3453

Demographic

Age, mean (SE) 42.73 (0.46) 45.75 (0.42) 46.15 (36) ,.0001

Sex ,.0001

Female 1440 (55) 1986 (52) 1693 (49)

Male 1177 (45) 1869 (48) 1760 (51)

Race/ethnicity ,.0001

Non-Hispanic Black 555 (21) 744 (19) 479 (14)

Mexican American 884 (34) 965 (25) 381 (11)

Other 259 (10) 258 (7) 177 (5)

Non-Hispanic White 919 (35) 1888 (49) 2416 (70)

Education ,.0001

,High school 1430 (55) 1181 (31) 300 (9)

High school/some college 1060 (41) 2183 (57) 1759 (51)

$ College graduate 127 (5) 491 (13) 1394 (40)

Health behaviors

BMI (kg/m2) ,.0001

$40.0 151 (6) 182 (5) 135 (4)

30.0–39.9 733 (28) 1060 (27) 892 (26)

25.0–29.9 891 (34) 1421 (37) 1289 (37)

18.5–24.9 797 (30) 1134 (29) 1094 (32)

,18.5 45 (2) 58 (2) 43 (1)

MET-hours/week of leisure-time physical activity ,.0001

Inactive (0) 1450 (55) 1701 (44) 893 (26)

Somewhat active (.0 to ,9) 698 (27) 1159 (30) 1130 (33)

Active ($9) 469 (18) 995 (26) 1430 (41)

Diet (HEI-2005 quintiles) ,.0001

Q1 615 (24) 784 (20) 585 (17)

Q2 557 (21) 774 (20) 645 (19)

Q3 525 (20) 806 (21) 664 (19)

Q4 508 (19) 774 (20) 711 (21)

Q5 412 (16) 717 (19) 848 (24)

Current smoking ,.0001

Yes 782 (30) 866 (22) 532 (15)

No 1835 (70) 2989 (78) 2921 (85)

Alcohol use ,.0001

Non-drinker 1347 (51) 1702 (44) 1035 (30)

Moderate drinker 1117 (43) 1899 (49) 2150 (62)

Heavy drinker 153 (6) 254 (7) 268 (8)

Access to care

Insurance coverage ,.0001

Yes 1686 (64) 3038 (79) 3265 (95)

No 931 (36) 817 (21) 188 (5)

Health status

Self-rated health ,.0001

Good 1753 (67) 3085 (80) 3155 (91)

Fair/poor 864 (33) 770 (20) 298 (9)

Disabilities, Yes (vs. No)

ADL 293 (11) 225 (6) 126 (4) ,.0001

Income Disparity and Risk of Death
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Results

Of the 31,126 individuals who participated in the 1999–2004

NHANES, 14213 (46%) were aged 20 years or older and attended

the mobile examination center. Of these, 9925 were included in

this analysis after listwise deletion of those with missing data on

mortality (n = 20), income (n = 1252), or other variables (n = 3016);

missing data on each variable was less than 10%. Compared to the

study sample, those who were excluded were on average 4.0 years

older (95% CI: 2.9, 5.1), more likely to have low-income (38% vs.

26%), be non-Hispanic Black (23% vs. 18%), and had higher

mortality rates for all-cause mortality (19.48 vs. 10.56 per 1000

person-years) and CVD/diabetes mortality (7.97 vs. 4.10 per 1000

person-years) (each P,0.05). Among the study sample, 26% had

low income and 35% had high income. Follow-up was on average

4.8 years (median 4.8, range 0.1–7.8). During the follow-up, 505

persons died, including 196 deaths (39.0%) due to CVD or

diabetes.

The unadjusted all-cause mortality rates per 1000 person-years

among the low-, intermediate-, and high-income groups were

13.61, 12.85, and 5.77, respectively. The unadjusted CVD/

diabetes mortality rates per 1000 person-years among the three

income groups were 6.00, 4.97 and 1.72, respectively. After

controlling for age, sex, education and race/ethnicity, the risk of

all-cause mortality was higher in the low-income (HR: 1.98, 95%

CI: 1.37, 2.85) and the intermediate-income (HR: 1.50, 95% CI:

1.10, 2.03), compared to the high-income group. The adjusted risk

of CVD/diabetes mortality was 3.68 (95% CI: 1.64, 8.27) in the

low-income and 2.00 (95% CI: 1.11, 3.61) in the intermediate-

income group compared to the high-income group.

Table 1 shows that the distribution of all potential mediators

differed across the income groups. Compared to the high-income

group, people with low-income were on average 3.4 years

younger, were less likely to be non-Hispanic White, college

graduates, physically active, consume alcohol moderately, and

have good diet, health insurance coverage, ‘‘good’’ self-rated

health, and low levels of CRP. In addition, individuals of low

income were more likely to smoke, be obese, have CVD/diabetes

morbidity, and disabilities than those with higher incomes.

As shown in Table 2, the potential mediators each were

associated with increased risk of mortality.

Table 3 shows that the association between income and either

all-cause or CVD/diabetes mortality was attenuated to varying

extents by individual mediators and substantially by all mediators

combined. The combination of all mediators attenuated 58% of

all-cause mortality in the low-income group, where there was no

longer direct influence of income. For all-cause mortality, the

largest mediating effect in the low-income group was for health

status (39%), followed by health behaviors (30%), CRP (3%) and

health insurance (3%). Among the measures of health status,

disabilities, and among the health behaviors, physical activity

showed the largest mediating effects. For the intermediate income

group, the pattern of mediation was generally similar to the low-

income group except that health status attenuated only 20% of the

income disparity, resulting in an overall lower extent of mediation

(41%) than for the low-income group.

Similarly, for CVD/diabetes mortality, health behaviors and

health status had the largest mediating effects, 21% and 18%,

respectively, while health insurance and CRP each accounted for

only a small portion of the low-income disparity. Of all mediators,

physical activity and disabilities accounted for the largest

proportion of the effect of income on mortality. Overall, the full

model attenuated 35% of the CVD/diabetes mortality in the low-

income group and 31% in the intermediate income group.

As depicted in Figure 2, after subtracting the overlap between

health behaviors and health status, the relative contributions of

health behaviors was 15–23% across both income groups and

types of mortality. The independent contribution of health status

to either all-cause or CVD/diabetes mortality was largest among

the low-income group.

When hazard ratios were estimated for education, the results

showed that low-education was associated with all-cause mortality,

but not with CVD/diabetes mortality (Table 4). In stratified

analyses, low education was associated with all-cause mortality

among women, not among men, and among non-Hispanic

Whites, not among other race/ethnicity groups. In addition, low

income was associated with either all-cause mortality or CVD/

diabetes mortality, with stronger associations among men and

among non-Hispanic Blacks.

The results of the sensitivity analysis excluding participants who

were unemployed because of health reasons (N = 249), were

similar to the original models; the combination of the four

pathways attenuated 60% of the association between low income

and all-cause mortality and 37% of that of CVD/diabetes

mortality. In addition, results of the age stratified models showed

Table 1. Cont.

Low income Medium Income High Income P a

IADL 402 (15) 309 (8) 189 (5) ,.0001

LSA 292 (11) 217 (6) 118 (3) ,.0001

LEM 397 (15) 352 (9) 160 (5) ,.0001

GPA 552 (21) 552 (14) 374 (11) ,.0001

Biological

CRP, mg/L ,.0001

,1 610 (23) 945 (25) 1025 (30)

1–3 826 (32) 1338 (35) 1179 (34)

.3–10 826 (32) 1154 (30) 929 (27)

.10 355 (14) 418 (11) 320 (9)

Abbreviations: ADL: Activities of daily living; BMI: Body mass index; CRP: C-reactive protein; CVD: Cardiovascular disease; GPA: General physical activities; HEI: Healthy
eating index; IADL: Instrumental activities of daily living; LEM: Lower extremity mobility; LSA: Leisure and social activities; PIR: Poverty-income ratio.
Data are N (%) unless otherwise indicated. a x2 (chi-square) analysis was used to compare frequencies and ANOVA was used to compare mean age between groups.
doi:10.1371/journal.pone.0049929.t001
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Table 2. Mortality rate and hazard ratios of mortality for individual mediators.

All-cause mortality CVD/diabetes mortality

Individual mediators Person-years Mortality ratea HRb (95% CI) Mortality ratea HRb (95% CI)

Health behaviors

Diet (HEI-2005 quintiles)

Q1 124462 10.32 1.46 (1.02, 2.10) 3.57 1.28 (0.77, 2.13)

Q2 117036 8.72 1.13 (0.74, 1.72) 2.46 0.94 (0.44, 1.99)

Q3 116052 9.31 1.06 (0.72, 1.54) 4.55 1.51 (0.83, 2.74)

Q4 111506 12.81 1.19 (0.88, 1.63) 5.27 1.29 (0.70, 2.37)

Q5 104883 11.90 1.00 4.81 1.00

MET-hours/week of leisure-time physical
activity

Inactive (0) 238696 15.23 1.84 (1.34, 2.53) 6.43 3.29 (1.64, 6.60)

Somewhat active (.0 to ,9) 169797 10.32 1.26 (0.88, 1.81) 3.89 2.04 (1.02, 4.05)

Active ($9) 165446 4.06 1.00 0.94 1.00

Smoking

Yes 124304 10.23 1.96 (1.29, 2.97) 3.57 2.19 (1.22, 3.93)

No 449635 10.65 1.00 4.24 1.00

Alcohol use

Non-drinker 235655 14.46 1.31 (0.97, 1.77) 6.01 1.46 (0.96, 2.22)

Moderate drinker 298845 7.71 1.00 2.73 1.00

Heavy drinker 39439 8.82 1.62 (0.96, 2.76) 3.04 1.30 (0.62, 2.74)

BMI, kg/m2

$40.0 27190 7.06 1.42 (0.85, 2.37) 2.21 2.12 (0.74, 6.09)

30.0–39.9 156413 8.98 0.96 (0.68, 1.33) 3.07 0.69 (0.40, 1.20)

25.0–29.9 208468 10.48 0.69 (0.49, 0.96) 4.37 0.72 (0.44, 1.19)

18.5–24.9 173521 12.38 1.00 4.84 1.00

,18.5 8347 15.81 1.42 (0.52, 3.89) 7.19 1.03 (0.29, 3.63)

Access to medical care

Insurance coverage

Yes 460668 12.27 1.00 4.79 1.00

No 113271 3.60 1.18 (0.70, 2.00) 1.27 1.95 (0.79, 4.80)

Health status

Self-rated health

Good 464110 7.60 1.00 2.71 1.00

Fair/poor 109829 23.05 2.61 (2.03, 3.36) 9.94 2.50 (1.63, 3.84)

Disabilities, Yes (vs. No)

ADL 33819 34.77 1.19 (0.84, 1.68) 15.97 1.54 (0.89, 2.68)

IADL 48654 30.83 1.27 (0.83, 1.95) 14.06 1.49 (0.84, 2.65)

LSA 33591 36.44 1.17 (0.84, 1.62) 15.72 1.17 (0.74, 1.84)

LEM 48975 37.49 1.42 (0.91, 2.23) 15.44 0.90 (0.40, 2.06)

GPA 79675 28.77 1.35 (0.89, 2.05) 12.05 1.48 (0.69, 3.19)

Biological

CRP, mg/L

,1 148784 5.00 1.00 1.94 1.00

1–3 191555 10.40 1.55 (1.07, 2.23) 4.32 1.42 (0.70, 2.89)

.3–10 170630 13.43 2.05 (1.47, 2.86) 5.34 1.67 (0.77, 3.63)

.10 62970 16.39 2.90 (1.95, 4.33) 5.15 1.71 (0.80, 3.66)

Abbreviations: ADL: Activities of daily living; BMI: Body mass index; CRP: C-reactive protein; CVD: Cardiovascular disease; GPA: General physical activities; HEI: Healthy
eating index; IADL: Instrumental activities of daily living; LEM: Lower extremity mobility; LSA: Leisure and social activities; PIR: Poverty-income ratio.
aThe mortality rates are per 1,000 person-years;
bHazard ratio in separate models for each mediator, controlled for income, age, sex, education and race/ethnicity.
doi:10.1371/journal.pone.0049929.t002
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that among individuals aged 20–44 years, unlike the older age

groups, income was not associated with mortality. Moreover, in

the age groups 45–64 and $65 years, respectively, the combina-

tion of the four pathways attenuated 66% and 48% of the

association between income and all-cause mortality and 44% and

41% of that of CVD/diabetes mortality.

Discussion

This nationally representative study of US adults assessed the

mediating effects of health behaviors, health insurance coverage,

health status and CRP on the association between income and all-

cause and CVD/diabetes mortality. The combination of the four

groups of factors accounted for the vast majority of why persons

with low- and those with intermediate incomes were more likely to

die compared to those with higher incomes. The results provide

new insight into the pathways that mediate income disparities in

health by demonstrating that besides unhealthy behaviors, poor

health status also plays an important role in income disparities in

health.

Consistent with previous studies, health behaviors accounted for

only part of the reason for socioeconomic disparity in mortality. In

particular, health behaviors attenuated 30% of all-cause mortality

in this study compared to 12% in a previous US study [2] and

42% in a European study, with single assessment, and 72% with

repeated assessments [9]. The previous US study may have

underestimated the impact of health behaviors partly because that

study did not include diet as a component of health behaviors. Of

the health behaviors assessed in this study, physical inactivity

followed by smoking had the largest mediating effect on the

association between income and either all-cause or CVD/diabetes

mortality. Sedentary lifestyle and smoking, which are risk factors

for all-cause and CVD mortality, were about twice as prevalent

among the low-income as high-income group. Available evidence

suggests that both individual and environmental influences should

be addressed in strategies to improve sedentary lifestyle and

Table 3. Mediating effect of several factors on all-cause mortality and CVD/diabetes mortality among low- and intermediate-
income groups.

Low income Intermediate income

HR (95% CI)
% Attenuationb

(95% CI) HR (95% CI)
% Attenuationb

(95% CI)

All-cause mortality

Model I a 1.98 (1.37, 2.85) – 1.50 (1.10, 2.03) -

+Health behaviors (5 measures) 1.61 (1.11, 2.33) 30 (15, 64) 1.33 (0.99, 1.79) 30 (11, 131)

Diet 1.93 (1.33, 2.78) 4 (21, 13) 1.48 (1.08, 2.01) 4 (22, 20)

Physical activity 1.78 (1.24, 2.57) 15 (7, 34) 1.43 (1.06, 1.92) 12 (4, 48)

Smoking 1.85 (1.28, 2.67) 10 (4, 24) 1.44 (1.06, 1.94) 10 (3, 43)

Alcohol 1.90 (1.32, 2.72) 6 (21, 19) 1.46 (1.08, 1.96) 7 (22, 35)

BMI 1.94 (1.35, 2.79) 1 (22, 12) 1.47 (1.09, 1.99) 4 (22, 19)

+Health insurance 1.93 (1.32, 2.83) 3 (26, 24) 1.48 (1.09, 2.01) 3 (27, 30)

+Health status (2 measures) 1.51 (1.06, 2.17) 39 (20, 76) 1.38 (1.04, 1.84) 20 (4, 70)

Self-rated health 1.68 (1.16, 2.42) 24 (11, 50) 1.44 (1.07, 1.95) 9 (23, 39)

Disabilities 1.63 (1.14, 2.33) 28 (13, 55) 1.42 (1.07, 1.89) 13 (1, 43)

+CRP 1.94 (1.35, 2.79) 3 (24, 12) 1.50 (1.11, 2.03) 21 (215, 10)

Full model 1.33 (0.91, 1.94) 58 (28, 126) 1.27 (0.95, 1.71) 41 (11, 170)

CVD/diabetes mortality

Model II a 3.68 (1.64, 8.27) – 2.00 (1.11, 3.61) –

+Health behaviors (5 measures) 2.79 (1.32, 5.92) 21 (10, 39) 1.71 (0.98, 2.98) 22 (7, 90)

Diet 3.66 (1.61,8.30) 0 (24, 6) 1.98 (1.08, 3.62) 1 (26, 14)

Physical activity 3.10 (1.44,6.72) 13 (6, 25) 1.84 (1.05, 3.24) 12 (3, 48)

Smoking 3.42 (1.53,7.68) 5 (1, 13) 1.91 (1.08, 3.37) 7 (1, 32)

Alcohol 3.41 (1.56,7.46) 6 (0, 15) 1.90 (1.07, 3.38) 7 (21, 31)

BMI 3.64(1.60, 8.26) 1 (23, 6) 1.99 (1.09, 3.64) 0 (27, 11)

+Health insurance 3.41 (1.44, 8.07) 6 (22, 25) 1.92 (1.05, 3.52) 6 (24, 34)

+Health status (2 measures) 2.92 (1.34, 6.40) 18 (7, 34) 1.90 (1.08, 3.34) 8 (27, 44)

Self-rated health 3.17 (1.44, 6.98) 11 (4, 25) 1.94 (1.09, 3.44) 5 (23, 25)

Disabilities 3.13 (1.41, 6.93) 13 (4, 29) 1.94 (1.08, 3.48) 4 (28, 27)

+CRP 3.65 (1.62,8.25) 1 (22, 5) 1.99 (1.10, 3.61) 0 (26, 8)

Full model 2.33 (1.05, 5.16) 35 (16, 68) 1.61 (0.91, 2.87) 31 (4, 150)

aage, sex, education, and race/ethnicity adjusted.
bCalculated as: (b Model I – b Model I+mediator(s)) 6 100/b Model I for all-cause mortality (b Model II - b Model II+mediator(s)) 6 100/b Model II for CVD/diabetes mortality.
doi:10.1371/journal.pone.0049929.t003
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smoking behaviors in people of low socioeconomic status [32,33].

Notably, BMI, diet and alcohol had only a minor contribution in

the income-mortality association, likely because of the small

variation in these factors among the income groups, consistent

with some previous studies [34,35].

A more complete picture of socioeconomic disparities in

mortality involves several other factors besides health behaviors,

such as access to medical care, biological factors, and health status.

Among these factors, poor health status was an important

mediator in this study. One possible explanation is that worse

health status is a consequence of unhealthy behaviors. However, a

longitudinal nationally representative US study showed that

unhealthy behaviors, including smoking, physical inactivity,

alcohol use, and overweight, accounted for only a small proportion

of the subsequent socioeconomic disparities in health status,

measured by physical functioning and self-rated health [36].

Likewise, the finding of a small amount of overlap between health

behaviors and health status, suggests that health status and health

behaviors, although interrelated, are at least partly independent

mediating pathways. An alternative explanation is that a worse

health status may reflect the influence of adverse social and

physical conditions, such as stressful life conditions and psycho-

social factors [37]. The impact of psychosocial and environmental

stressors on physiological processes can be mediated through

several mechanisms, such as adverse effects on immunity [38] and

accelerating cellular mechanisms of aging [39].

Contrary to health behaviors and health status, access to health

care and biological factors had negligible contributions to income

related mortality. Given that the proportion of people who were

uninsured was greater in the low-income group, the reason for the

small mediating effect may be partly related to the income related

differences in types of insurance. In the US, public insurance has

been associated with a greater risk of mortality than private

insurance [40]. Regarding CRP, the finding of low explanatory

power is in accordance with a previous study that showed CRP

alone reflects only a small amount of the biological risk associated

with low socioeconomic status [10]. Although several studies,

including this study, indicate that CRP is a strong predictor of

mortality, controversy continues about its direct causal effect [41].

Whatever the mechanism, the association between CRP and

mortality seems to be largely independent of the pathways linking

low income to mortality. Future research should clarify the

possible role of other biological markers.

This study has some limitations. First, the models did not

include some potential mediators such as environmental factors.

However, it is likely that these factors exert their effect through the

more proximate mediators included in the statistical models.

Second, mediators were measured only at one time point. Because

some of the mediators may change differentially over time [9], the

findings need to be verified in future studies that include repeated

measurements. Third, the measures were mainly self-reported,

without objective measures of health status, and subject to

response bias. Because of the general tendency of underreporting

unhealthy behaviors [42] and chronic illnesses [43], the impact of

both health behaviors and health status might be underestimated

in this study. Forth, only one marker of systemic inflammation,

i.e., CRP, was assessed. Although CRP is the most commonly used

marker of inflammation, inclusion of additional markers, such as

fibrinogen and IL-6, would have increased the accuracy of the

assessment of inflammation. However, the additional markers

were not available for our study participants. Finally, individuals

who were excluded had generally lower health status, poorer

health behaviors and a higher mortality rate than those included in

the study. However, although the possibility of non-response bias

cannot be completely eliminated, it is unlikely that non-response

bias had a major effect on the estimates, since the distributions of

mediators among the income groups were similar between

included and excluded samples. Despite these limitations,

strengths of this nationally representative study include quantita-

tive estimates of various mediating pathways that could be used to

Figure 2. Overlap Between Health Behaviors and Health Status. Example of calculation for all-cause mortality, low-income group: Mediating
effect of Health Behaviors and Health Status = 57% Mediating effect of Health Behaviors = 30%; Mediating effect of Health Status = 39% Combined
effect = 30%+39% = 69% Overlap = 69% –57% = 12% Health Behaviors, independent Effect = 30%–12% = 18% Health Status, Independent
Effect = 39%–12% = 27%.
doi:10.1371/journal.pone.0049929.g002
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prioritize implementation of interventions aimed at reducing

income disparities in mortality.

In summary, this study supports the findings from previous

studies that health behaviors are important mechanisms mediating

income disparities in risk of death. The present study extends

previous findings by showing that income disparities in mortality

are also the result of poor health status. To reduce mortality in low

income people, more emphasis may be needed in improving

health status. Future studies should address behavioral modifica-

tion, as well as possible strategies to improve health status in low-

income people.
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