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Abstract

Background: Eliminating socioeconomic disparities in health is an overarching goal of the U.S. Healthy People decennial
initiatives. We present recent trends in mortality by education among working-aged populations.

Methods and Findings: Age-standardized death rates and their average annual percent change for all-cause and five major
causes (cancer, heart disease, stroke, diabetes, and accidents) were calculated from 1993 through 2007 for individuals aged
25–64 years by educational attainment as a marker of socioeconomic status, using national vital registration data for 26
states with consistent educational information on the death certificates. Rate ratios and rate differences were used to assess
disparities (#12 versus $16 years of education) for 1993 through 2007. From 1993 through 2007, relative educational
disparities in all-cause mortality continued to increase among working-aged men and women in the U.S., due to larger
decreases of mortality rates among the most educated coupled with smaller decreases or even worsening trends in the less
educated. For example, the rate ratios of all-cause mortality increased from 2.5 (95% confidence interval (CI), 2.4–2.6) in 1993
to 3.6 (95% CI, 3.5–3.7) in 2007 in men and from 1.9 (95% CI, 1.8–2.0) to 3.0 (95% CI, 2.9–3.1) in women. Generally, the rate
differences (per 100,000 persons) of all-cause mortality increased from 415.5 (95% CI, 399.1–431.9) in 1993 to 472.7 (95% CI,
460.2–485.2) in 2007 in men and from 165.4 (95% CI, 154.5–176.2) to 256.2 (95% CI, 248.3–264.2) in women. Disparity
patterns varied largely across the five specific causes considered in this study, with the largest increases of relative
disparities for accidents, especially in women.

Conclusions: Relative educational differentials in mortality continued to widen among men and women despite emphasis
on reducing disparities in the U.S. Healthy People decennial initiatives.
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Introduction

Eliminating health disparities among different segments of the

U.S. population defined in terms of socioeconomic status (income,

education, insurance status, etc.), race/ethnicity, residence, sex,

and sexual orientation has been an overarching goal of the

decennial Department of Health and Human Services’ Healthy

People Initiative, which began in 1979 [1,2]. Previous studies that

have examined temporal trends in mortality disparities by

socioeconomic status found widening rather than narrowing of

the disparities [3–10]. In our previous report, we investigated

individual-level socioeconomic disparities in mortality using

national vital statistics and noted increasing educational disparities

from 1993 through 2001 for all-cause and several major causes of

death in both men and women [11].

In this study, we updated the data for 26 states included in our

previous analysis by six additional data years (1993–2007) to

present contemporary patterns of educational disparities in

mortality rates from all causes and five major causes (cancer,

heart disease, stroke, diabetes, and accidents). The 26 states were

chosen because they are the only states that constantly used one

version of the death certificate (1989-version) throughout the study

period. The analyses were restricted to age 25–64 years because

educational attainment information is more complete and provides

a better index of socioeconomic position in this age group than at

older ages [12,13]. Notably, deaths occurring in this age interval

are of societal importance as they tend to affect individuals and

families with dependent children and/or other family members

[14]. Education is used as marker of socioeconomic status.

Methods

Mortality data from 1993 through 2007 were obtained from the

National Vital Statistics System (NVSS) administered by the

Centers for Disease Control and Prevention’s National Center for

Health Statistics (NCHS). Underlying causes of death were
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classified according to the selection and coding rules of the Ninth

Revision of the International Classification of Diseases (ICD-9)

[15] for deaths recorded between 1993 and 1998 and according to

the Tenth Revision of the International Classification of Diseases

(ICD-10) [16] for deaths recorded between 1999 and 2007. The

ICD codes for the five major causes of death among men and

women aged 25–64 years are as follows: cancer (ICD-9: 140–208;

ICD-10: C00-C97); heart disease (ICD-9: 390–398, 402, 404,

410–429; ICD-10: I00-I09, I11, I13, I20-I51); stroke (ICD-9: 430–

434, 436–438; ICD-10: I60-I69); diabetes (ICD-9: 250; ICD-10:

E10-E14); and accidents (ICD-9: E800-E869, E880-E929; ICD-

10: V01-X59, Y85-Y86). Less than 1% of deaths were recorded

with unknown cause of death.

Educational attainment information for the deceased, which

was recorded as number of years of schooling, has been included

on the standard U.S. death certificate since 1989. However, most

states did not collect this information systematically until 1993. In

2003, the question about educational attainment on the standard

death certificate changed from number of years of elementary/

secondary or college education to the highest degree received [17].

Although overall there is consistency between the levels in the old

and new education items, some specific categories, such as 13–15

years of schooling on the 1989 certificate and some college credit

on the 2003 certificate do not match up very well [18]. In addition,

the gradual adoption of the new certificate (4 states in 2003 and 23

states and Washington DC in 2007) makes trend analysis difficult.

Therefore, we restricted the analyses of mortality trends to deaths

occurring in the 26 states (Alabama, Alaska, Arizona, Arkansas,

Colorado, Hawaii, Illinois, Indiana, Iowa, Kentucky, Louisiana,

Maine, Maryland, Massachusetts, Minnesota, Mississippi, Mis-

souri, Nevada, North Carolina, North Dakota, Pennsylvania,

Tennessee, Vermont, Virginia, West Virginia, and Wisconsin) that

had not yet implemented the new standard certificate as of 2007.

In these 26 states, a total of 3,580,612 deaths to persons aged 25–

64 occurred between 1993 and 2007, which comprised 43.6% of

the total deaths in the entire U.S recorded in this age interval

during this period. About 4% of decedents with missing education

information during 1993–2007 were excluded from the analysis.

Population estimates were obtained in a custom-designed

tabulation from the U.S. Bureau of Census (Victor Valdisera,

Housing and Household Economic Statistics Division, U.S.

Bureau of Census, personal communication, 2010). These data

were based on the Annual Social and Economic Supplement to

the Current Population Survey (CPS), in which people’s educa-

tional attainment was recorded as their highest degree obtained.

Educational attainment was classified into three categories: #12

years of schooling, 13–15 years of schooling, and $16 years of

schooling. Age-standardized death rates from all causes combined

and from the five major causes were calculated by race/ethnicity

(all races combined, non-Hispanic white, and non-Hispanic black),

sex, educational attainment, and calendar year, using the 2000

U.S. population standard within the age range 25–64 years.

Temporal trends in death rates were assessed by fitting log-linear

joinpoint regression models that allowed at most two change

points, using Joinpoint Regression Program, Version 3.4.2

software [19]. The resulting trends of various time periods were

described by the slope of the fitted line segment or the annual

percent change (APC). We also presented the overall trends from

1993 through 2007 using the Average Annual Percent Change

(AAPC), which is the weighted average of the APCs, with the

weights equal to the length of each line segment. Changes in

relative (rate ratio [RR]) and absolute (rate difference (RD])

educational disparities from 1993 to 2007 were assessed by

comparing the age-standardized death rates in the least educated

group (#12 years of education) to those in the most educated

group ($16 years of education). The 95% confidence intervals (CI)

for these disparities were calculated based on the formulas

provided by Greenland and Rothman [20]. To understand the

extent to which temporal changes of educational distribution in

the population may have affected disparity trends, sensitivity

analyses were performed using relative index of inequality (RII)

and slope index of inequality (SII) as disparity measures.

Results

Table 1 and Figure 1 show trends in death rates from all causes

combined from 1993 through 2007 for 26 states among men and

women aged 25–64 years (all races combined), in relation to

educational attainment. Among men, death rates from all causes

decreased for each educational attainment category, with the

annual percentage decrease ranging from 0.4% for men with #12

years of education to 3.0% for men with $16 years of education.

In contrast to what was observed for men, death rates increased by

0.9% for women with #12 years of education, decreased by 2.2%

per year for women with $16 years of education, and remained

unchanged for women with 13–15 years of education.

Table 1 and Figure 1 also present trends in death rates from

1993 through 2007 by educational level for five major causes of

death in men and women (all races combined). For all the three

major causes (cancer, heart disease, and stroke) for which the

death rates were decreasing in the U.S. general population, the

most educated group ($16 years) experienced the largest decrease

in death rates during the 15-year interval in both genders, while

the other two less educated groups (#12 and 13–15 years)

experienced a much smaller or a non-significant decrease. For

example, the death rate from cancer decreased by 3.0% per year

from 1993 through 2007 among men with $16 years of education,

compared to 1.8% and 1.0% per year for men with 13–15 years

and #12 years of education, respectively. For the death rate from

stroke in women, a significant decrease (3.6% per year) was limited

to those with $16 years of education. It is also interesting to note

that cancer death rates for women with $16 years of education are

similar to those for women with 13–15 years of education. This

pattern is largely driven by breast cancer death, for which the rates

were higher among the most educated women than those with 13–

15 years of education.

For diabetes and accidents, death rates increased significantly in

the two less educated groups (#12 and 13–15 years), except for

diabetes in women with 13–15 years of education (Table 1 and

Figure 1). For the most educated group ($16 years), in contrast,

rates significantly decreased for diabetes in women, while rates

were stable for the remaining categories by sex and cause (diabetes

and accidents) (Table 1 and Figure 1).

Table 2 presents educational disparities in mortality from all

causes combined and five major causes among men and women in

1993, 2001, and 2007. In men, the rate ratio of all-cause mortality

comparing #12 years to $16 years of education increased from

2.5 (95% CI, 2.4–2.6) in 1993, 3.3 (95% CI, 3.2–3.4) in 2001, to

3.6 (95% CI, 3.5–3.7) in 2007. However, the increases of relative

disparities appeared to have slightly slowed down since 2003

(Figure 2). With regard to absolute disparities, the rate difference

(per 100,000 persons) in all-cause mortality between men with

#12 and $16 years of education increased from 415.5 (95% CI,

399.1–431.9) in 1993 to 503.7 (95% CI, 489.4–517.9) in 2003

(data not shown), then slightly decreased to 472.7 (95% CI, 460.2–

485.2) in 2007 (Table 2). In contrast to the observed patterns in

men, both relative and absolute disparities in all-cause mortality

among women continued to increase from 1993 through 2007.

Educational Disparities in Mortality in the U.S.
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The rate ratio increased from 1.9 (95% CI, 1.8–2.0) to 3.0 (2.9–

3.1) and the rate difference from 165.4 (95% CI, 154.5–176.2) to

256.2 (95% CI, 248.3–264.2) (Table 2 and Figure 2).

For the five major causes listed in Table 2, increased relative

disparities from 1993 to 2007 were observed among both men and

women (with the confidence intervals overlapping for stroke and

diabetes among men), with the largest increases for accidents,

especially among women (RR = 2.0 [95% CI, 1.8–2.2] in 1993

and RR = 4.3 [95% CI, 4.0–4.6] in 2007). In contrast, absolute

disparity patterns varied between genders and across the five

major causes of death. Specifically, for cancer death, the rate

difference between groups with #12 and $16 years of education

remained stable among men but increased among women from

1993 to 2007; for heart disease, the rate difference decreased

among men but remained stable among women; for stroke, the

rate difference remained stable among men but increased among

women; for diabetes and accidents, the rate differences increased

among both men and women (Table 2). Notably, disparity

patterns have slightly changed since 2003 for some specific causes.

For example, both relative and absolute disparities have been

slightly decreasing since 2003 for cancer among men; ratio ratios

remained relatively stable since 2003 for stroke and diabetes

among both men and women (Figure 2).

Table 3 shows the distributions of education and causes of death

in 1993 and 2007. The proportion of highly educated persons

($16 years of education) increased from 25.2% in 1993 to 29.9%

in 2007 in men and from 20.8% to 31.3% in women. In contrast,

the proportion of less educated persons (#12 years of education)

decreased from 51.4% to 45.2% in men and from 53.4% to 40.3%

in women. Cancer and heart disease, the two leading causes of

deaths among men and women aged 25–64 years, together

comprised of 50% to 60% of the total deaths in each educational

group (Table 3). From 1993 to 2007, the proportion of cancer

deaths decreased among women in each educational group and

among men with #12 years of education, but increased among

men with 13–15 years and $16 years of education. During the

same time period, the proportions of deaths from heart disease and

stroke decreased among each gender and educational groups,

except for stroke among men with 13–15 years and $16 years of

education. In contrast, the proportions of deaths from diabetes and

accidents increased among each gender and educational group,

except for diabetes among women with $16 years of education

(Table 3).

Figure 3 and Figure 4 show the results from sensitivity analyses,

which compared range measures (RR and RD) with summary

measures (RII and SII) of disparity in measuring disparity trends.

It shows that the resulting trends based on these two types of

Figure 1. Trends in Age-Standardized Death Rates from All Causes and Five Major Causes by Educational Attainment in 26 U.S.
States, 1993–2007.
doi:10.1371/journal.pone.0041560.g001
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measures were almost identical for all the death causes considered

in this study among both men and women.

Similar to what observed for all races combined, the differential

trends that were more favorable to the most educated population

were also observed in both non-Hispanic whites and blacks,

although the cause-specific mortality trends for some educational

groups were different between these two racial/ethnic groups

(Tables S1 and S2 on the web). As a result, relative educational

disparities in mortality from all causes and from the 5 major causes

increased between 1993 and 2007 in both racial/ethnic groups,

except for diabetes in non-Hispanic black men.

Discussion

Our key finding is that relative disparities by education in all-

cause mortality continued to increase from 1993 through 2007

among working-aged men and women in the 26 state reporting

areas. Larger relative disparities from 1993 to 2007 also were

observed for all five major causes of death considered in this study,

with the largest increase for accidents, especially in women.

Trends of absolute disparities varied largely by sex and cause of

death. For example, the increases of absolute disparities in all-

cause mortality continued from 1993 through 2007 in women,

while the increases discontinued since 2003 in men.

From 1993 to 2007, the all-cause mortality rate decreased

annually by 1.5% in men and by 0.7% in women, reflecting in part

the progress in prevention and treatment of several major medical

conditions, such as heart disease, cancer, and stroke [21,22].

However, the mortality improvement was mainly concentrated in

the most-educated populations. Those with the least education

experienced either less progress or a worsening trend in mortality.

Table 1. Trends in Age-Standardized Death Rates from All Causes and Five Major Causes by Education among Men in 26 U.S.
States, 1993–2007.

Male Female

Trend 1 Trend2 Trend 3 AAPC Trend 1 Trend2 Trend 3 AAPC

Years APC Years APC Years APC Years APC Years APC Years APC

All Causes

Education: All 1993–1995 20.9 1995–1998 23.7* 1998–2007 21.0* 21.5* 1993–2007 20.7* 20.7*

#12 years 1993–2007 20.4* 20.4* 1993–2007 0.9* 0.9*

13–15 years 1993–2007 21.1* 21.1* 1993–2007 0.2 0.2

$16 years 1993–1995 21.3 1995–1998 26.3* 1998–2007 22.3* 23.0* 1993–2007 22.2* 22.2*

Cancer

Education: All 1993–2007 22.3* 22.3* 1993–2007 21.8* 21.8*

#12 years 1993–2007 21.0* 21.0* 1993–2007 20.5* 20.5*

13–15 years 1993–2007 21.8* 21.8* 1993–2007 21.2* 21.2*

$16 years 1993–2005 23.3* 2005–2007 21.1 23.0* 1993–2007 22.9* 22.9*

Heart Disease

Education: All 1993–1997 22.7* 1997–2000 26.2* 2000–2007 22.4* 23.3* 1993–2007 23.4* 23.4*

#12 years 1993–2007 22.4* 22.4* 1993–2007 21.6* 21.6*

13–15 years 1993–2007 22.9* 22.9* 1993–1997 2.2 1997–2000 25.8 2000–2007 21.2* 21.2

$16 years 1993–1996 21.8 1996–2001 26.8* 2001–2007 23.2* 24.2* 1993–1997 22.0* 1997–2000 29.3* 2000–2007 23.0* 24.1*

Stroke

Education: All 1993–1995 2.4 1995–2002 23.2* 2002–2007 21.8* 21.9* 1993–2007 22.0* 22.0*

#12 years 1993–1995 4.5 1995–2007 21.7* 20.8 1993–2002 0.3 2002–2007 21.9* 20.5

13–15 years 1993–2007 22.1* 22.1* 1993–1997 3.1 1997–2007 22.1* 20.7

$16 years 1993–2007 23.3* 23.3* 1993–2007 23.6* 23.6*

Diabetes

Education: All 1993–2003 1.5* 2003–2007 21.8 0.6 1993–2001 0.1 2001–2007 22.6* 21.1*

#12 years 1993–2003 3.2* 2003–2007 22.3 1.6* 1993–2002 1.9* 2002–2007 21.6 0.7*

13–15 years 1993–2007 1.6* 1.6* 1993–1997 5.6* 1997–2007 20.4 1.3

$16 years 1993–2007 20.3 20.3 1993–2007 22.3* 22.3*

Accidents

Education: All 1993–2002 0.9* 2002–2007 3.7* 1.9* 1993–1998 1.7* 1998–2007 4.7* 3.6*

#12 years 1993–2007 2.8* 2.8* 1993–1998 3.8* 1998–2007 6.5* 5.5*

13–15 years 1993–2007 2.6* 2.6* 1993–2007 4.3* 4.3*

$16 years 1993–2007 20.2 20.2 1993–2007 0.4 0.4

Abbreviations: APC, Annual Percent Change; AAPC, Average Annual Percent Change.
*P,0.05.
doi:10.1371/journal.pone.0041560.t001
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For example, all-cause mortality in women with #12 years of

education increased by 0.9% from 1993–2007. These differential

trends that were more favorable to the most educated population

resulted in increasing relative disparities between the most and

least educated groups from 1993 through 2007. These findings

add to previous reports that documented widening socioeconomic

disparities in mortality since the 1960s [3–10]. Similar to our

results, the middle-course assessment of U.S. Healthy People 2010

found that educational disparities remained unchanged or

worsened for 106 of 109 outcome measures between 2000 and

2005 [23]. Widening socioeconomic disparities in mortality also

Figure 2. Temporal Changes of Educational Disparities in Mortality from All Causes and Five Major Causes in 26 U.S. States, 1993–
2007.
doi:10.1371/journal.pone.0041560.g002
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have been reported in several Western and Northern European

countries, including England and Norway [24–27].

The disparate educational mortality patterns for cancer, heart

disease, and stroke may partly be explained by the historical

differential changes (considering induction time from exposure to

death) in some risk factors for these diseases. For example, the

ratio of smoking prevalence between people with less than high

school education and those with more than high school education

increased from 1.3 in 1971–1974 to 2.3 in 1999–2002, due to

smaller decreases in smoking among less educated people [28].

During the same time period, the prevalence of other major risk

factors for heart disease and stroke, such as high blood pressure

and cholesterol, remained much higher in less educated popula-

tions than in the most educated populations, despite improvements

across all educational groups [28].

In addition to the differential changes in risk factors, worsening

or persistent disparities in access to health care, health care quality,

and early diagnosis could also have contributed to the widening of

disparities in mortality. For example, from 1993 to 2006, the

proportion of working-aged adults with no health insurance

increased from 35% to 43% among those with less than high

school education, while it remained at 7% among those with a

college or above degree [29]. In addition, the 2010 National

Healthcare Disparities Report (NHDR) found that over 85% (23

out of 26) of the measures of socioeconomic (indicated by income)

disparities in access to health care and in health care quality

remained unchanged or were worsening between 2001–2002 and

2007–2008 [30]. Between 2002 and 2008, the colorectal cancer

screening rate among people aged $50 years remained about 20

percentage points higher in college graduates than in those with

less than high school education [31].

Mortality rates from accidents increased rapidly from 1993

through 2007 in both men and women aged 25–64 years in the

two lower educational groups, largely due to the dramatic

increases in deaths from prescribed drug poisoning [32]. In

addition, in concordance with the observed pattern for total

accidents, death rates from drug poisoning have been increasing

more quickly in women than in men [32]. This indicates drug

poisoning may also be a major contributor to the increased

educational disparities in total accidental deaths, although direct

evidence still lacks. Similar to the U.S., increased poisoning deaths

due to prescribed drugs were also found in some European

countries, such as Finland [33]. Reasons for the substantial

decrease in deaths from diabetes among females (restricted to the

most educated group) are unclear. One speculation is that highly

Table 2. Relative and Absolute Disparities in Mortality by Educational Attainment in 1993, 2001, and 2007.

Male Female

Rate (per 100,000) Disparity Rate (per 100,000) Disparity

#12
years

13–15
years

$16
years

RR*
(95% CI)

RD*
(95% CI)

#12
years

13–15
years

$16
years

RR*
(95% CI)

RD*
(95% CI)

All causes

1993 695.5 352.7 279.9 2.5(2.4,2.6) 415.5(399.1,431.9) 346.1 186.8 180.8 1.9(1.8,2.0) 165.4(154.5,176.2)

2001 680.0 306.5 207.9 3.3(3.2,3.4) 472.1(458.1,486.0) 379.8 186.7 151.7 2.5(2.4,2.6) 228.1(219.3,236.9)

2007 657.1 295.7 184.4 3.6(3.5,3.7) 472.7(460.2,485.2) 385.3 189.4 129.0 3.0(2.9,3.1) 256.2(248.3,264.2)

Cancer

1993 172.2 96.0 82.9 2.1(2.0,2.2) 89.4(83.5,95.2) 129.1 84.5 91.7 1.4(1.3,1.5) 37.4(31.7,43.2)

2001 162.8 80.9 64.0 2.5(2.4,2.7) 98.8(94.0,103.5) 128.1 73.6 71.7 1.8(1.7,1.9) 56.4(52.3,60.6)

2007 148.0 72.7 55.9 2.6(2.5,2.8) 92.2(88.1,96.2) 119.4 69.1 59.2 2.0(1.9,2.1) 60.2(56.8,63.6)

Heart disease

1993 201.7 102.7 78.2 2.6(2.4,2.7) 123.5(117.4,129.5) 78.6 35.1 30.3 2.6(2.4,2.8) 48.2(45.2,51.2)

2001 165.1 75.8 52.6 3.1(3.0,3.3) 112.5(108.1,116.9) 69.1 30.1 20.2 3.4(3.2,3.6) 48.9(46.7,51.0)

2007 146.2 68.0 42.1 3.5(3.3,3.6) 104.1(100.5,107.7) 63.7 27.7 16.4 3.9(3.7,4.1) 47.3(45.4,49.2)

Stroke

1993 21.3 10.3 7.0 3.0(2.7,3.4) 14.3(13.1,15.4) 15.6 7.6 7.1 2.2(1.9,2.5) 8.5(7.4,9.6)

2001 21.4 8.4 5.7 3.8(3.4,4.2) 15.7(14.7,16.7) 16.0 7.2 5.4 3.0(2.7,3.3) 10.6(9.8,11.5)

2007 18.7 7.9 5.0 3.7(3.4,4.1) 13.7(12.8,14.5) 14.7 7.2 4.0 3.7(3.3,4.1) 10.7(9.9,11.5)

Diabetes

1993 15.2 8.0 5.1 3.0(2.6,3.4) 10.1(9.2,11.1) 12.0 5.4 4.7 2.5(2.2,3.0) 7.2(6.3,8.2)

2001 20.0 9.6 5.5 3.6(3.3,4.0) 14.5(13.6,15.5) 14.4 6.2 4.0 3.6(3.2,4.1) 10.4(9.6,11.2)

2007 19.7 9.5 5.4 3.7(3.3,4.0) 14.3(13.4,15.2) 13.5 6.0 3.2 4.2(3.7,4.7) 10.3(9.6,11.0)

Accidents

1993 65.2 27.7 19.1 3.4(3.2,3.6) 46.1(44.1,48.1) 18.1 10.0 9.1 2.0(1.8,2.2) 9.0(7.9,10.1)

2001 77.5 32.3 18.4 4.2(4.0,4.5) 59.1(57.0,61.2) 27.0 13.0 9.1 3.0(2.7,3.2) 17.9(16.7,19.1)

2007 92.5 39.0 18.5 5.0(4.7,5.3) 74.0(71.8,76.3) 38.9 17.9 9.1 4.3(4.0,4.6) 29.9(28.5,31.3)

Abbreviation: CI, Confidence Interval; RR, Relative Risk; RD, Rate Difference.
*#12 years of education Vs. $16 years of education.
doi:10.1371/journal.pone.0041560.t002
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Table 3. Educational Distribution of Population and Cause of Death Fractions by Gender in 1993 and 2007.

#12 years 13–15 years $16 years

1993 2007 % change 1993 2007 % change 1993 2007 % change

Male

Population fraction (%) 51.4 45.2 212.1 23.4 24.9 6.4 25.2 29.9 18.7

Death fraction (%)

Cancer 25.1 23.6 26.0 24.5 25.7 4.9 28.5 31.5 10.5

Heart disease 27.6 22.8 217.4 25.4 23.4 27.9 25.4 23.4 27.9

Stroke 3.0 2.9 23.3 2.7 2.7 0.0 2.4 2.8 16.7

Diabetes 2.2 3.1 40.9 2.2 3.3 50.0 1.8 3.0 66.7

Accidents 9.4 13.0 38.3 9.7 12.2 25.8 7.5 9.0 20.0

Female

Population fraction (%) 53.4 40.3 224.5 25.7 28.4 10.5 20.8 31.3 50.5

Death fraction (%)

Cancer 37.7 33.0 212.5 43.3 37.4 213.6 49.6 45.9 27.5

Heart disease 21.4 17.1 220.1 16.0 14.9 26.9 13.0 12.8 21.5

Stroke 4.5 3.9 213.3 4.0 3.8 25.0 3.7 3.1 216.2

Diabetes 3.6 3.7 2.8 2.8 3.2 14.3 2.5 2.5 0.0

Accidents 4.8 8.3 72.9 6.5 8.8 35.4 6.2 7.0 12.9

doi:10.1371/journal.pone.0041560.t003

Figure 3. Temporal Trends in Relative Educational Disparities Measured by Relative Risk (RR) and Relative Index of Inequality (RII).
doi:10.1371/journal.pone.0041560.g003
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educated females may be more likely to seek and/or comply with

diabetes treatment/management.

It is interesting to note that discrepant temporal patterns

between relative and absolute disparities were observed for some

causes, especially for heart disease in men. This highlights the

relevance of using both relative and absolute measures in order to

adequately assess health disparities. It is also noteworthy that for

some diseases, trends of relative and absolute disparities have

changed since 2003. Reasons for these patterns are unclear and

further studies are needed.

Strengths of this study were twofold. First, the large number of

deaths available in the NVSS mortality data enabled us to obtain

precise estimates for each cause of death considered in this study.

Second, the findings are not subject to sampling error because the

NVSS mortality data are a complete count of all deaths registered

in the U.S.

Despite the strengths mentioned above, our study results should

be interpreted within a context of several limitations. First, using

death rates as the only outcome measures, the extent to which

mortality disparities are due to differences in incidence or in

survival is not known. Second, range measures of disparity, i.e.

rate ratio and rate difference between the lowest and highest

education groups in this study, are unable to reflect the disparities

caused by the change of educational compositions in the

population. From 1993 to 2007, the proportion of highly educated

persons increased in both men and women. However, results from

sensitivity analyses indicate that educational composition change

did not materially modify the trends of educational disparities in

mortality from 1993 through 2007, as the observed disparity

patterns indexed by range measures were almost identical to those

indexed by summary measures (e.g. RII and SII).

The ability to generalize our findings to all age groups in the

U.S. may be limited, due to the restricted analyses to ages of 25–64

years. Disparities in the elderly are expected to be narrower than

those in younger populations, partly because of mortality selection

(or survivor) effects and near-universal access to health care

Figure 4. Temporal Trends in Absolute Educational Disparities Measured by Rate Difference (RD) and Slope Index of Inequality
(SII).
doi:10.1371/journal.pone.0041560.g004
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through Medicare among populations aged 65 years or above.

Although the number of states included in our study (26 states) is

also limited, we found that the 15-year-average (1993–2007)

mortality rate and the distributions of education, sex and race/

ethnicity in the population and among decedents in the 26 states

are closely comparable to those in the entire U.S. population (data

not shown, but available upon request). Thus, our findings may be

applicable to the entire U.S., but are necessarily limited to those

aged 25–64 years.

Imperfect measure of education is another potential contributor

to the limitations. Educational information recorded on the death

certificates was reported by next of kin. It has been found that

proxy-reported education tends to be higher than self-reported,

especially when differentiating between ,12 and exactly 12 years

of education [12,34]. However, such misclassification would likely

have little impact on our overall conclusions because we used a

broad category for the least educated group including both ,12

and exactly 12 years of education. Another source that may have

affected our results is that different classification systems of

education were used on the death certificate and in the CPS

surveys. This difference in education classification between the

numerator and denominator would have resulted in biased

estimates of mortality rates, but would have no impact on our

conclusions about the trends and widening disparities because

both death certificates and CPS surveys kept their own classifica-

tion methods constant during the entire study period. It is also

noteworthy that educational attainment, the only indicator of

socioeconomic position recorded on death certificates, does not

fully capture the whole spectrum of socioeconomic disparities in

mortality, as socioeconomic position is widely recognized as a

multidimensional construct [35]. Another limitation related with

socioeconomic status measurement is a lack of family level

measures of education. The increase of educational assortative

marriage (i.e. educational resemblance between spouses) in the

U.S. may have led to increased disparities between educational

groups [36].

Finally, the NCHS adopted ICD-10 in 1999 to classify and code

the underlying cause of death. Because of changes in cause-of-

death coding rules with the implementation of ICD-10, cause-of-

death trends may be affected. Fortunately, none of the causes of

death examined in this study were substantially affected. The

change from ICD-9 to ICD-10 results in a slightly accelerated

decline in death rates from heart disease and increase for accidents

and diabetes (i.e., slightly fewer deaths were assigned to the

declining heart disease trend and slightly more assigned to the

increasing trends in accidents and diabetes beginning in 1999),

and results in an attenuated decrease in rates for cancer and stroke

(i.e., slightly more deaths assigned to declining trends in cancer

and stroke beginning in 1999) [37]. This is unlikely to significantly

affect our findings on disparities because the change is unlikely to

have had a differential impact across educational groups. Also, it

would have no impact on our findings regarding all-cause

mortality, which is not affected by the change in disease

classification.

In conclusion, mortality rates from all causes, cancer, heart

disease, and stroke, continued to decrease among working-aged

U.S. men and women from 1993 through 2007. However, relative

mortality differences between the least and the most educated

populations were increasing during this time period. This was due

to comparatively slower progress or, in some cases, worsening

trends among the least educated populations. Educational

differentials in mortality continued to widen despite emphasis on

reducing disparities in the U.S. Healthy People decennial

initiatives.
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