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Background

General mortality consistently declined in the United States (US) from 1969 to 2013.
During the same period, a decrease has been described in the percentage of deaths
attributed to main non-communicable diseases (NCD) including heart disease, cancer,
chronic obstructive pulmonary disease (COPD), cardiovascular disease (CVD),
cerebrovascular diseases and diabetes. Amenable mortality trend and pace has been
proposed as a good indicator of health care performance. We aimed to measure the
impact of attained education and ethnicity on amenable mortality caused by cancer, CVD,
COPD, cerebrovascular disease and diabetes among Non-Hispanic Whites (NHW) and
Non-Hispanic Blacks (NHB) in the US from 1990 to 2015.

Methods

We analyzed data from death certificates downloaded from the US National Center for
Health Statistics using a modified version of the Nolte’s list of amenable mortality causes
related to appropriate health care. The US Population estimates (1990 to 2015) by age,
gender and ethnicity came from the US Census Bureau. We analyzed annual percentage
changes in age-standardized mortality rates for cancer, CVD, COPD, cerebrovascular
disease and diabetes for the period 1990-2015.

Results

Between the time periods of 1990 and 2015, age-adjusted amenable mortality rates due to
the five studied causes of death increased among the uneducated, while it decreased
among the most educated in both sexes and races. Age-standardized NCD amenable
mortality rates were higher among the least educated NHB and NHW males, compared to
NHB and NHW females respectively during the entire period. The least educated NHW
men and women born in the 1980’s presented cancer amenable mortality rates almost 3
times higher than those NHW men and women born in 1955; however, among the most
educated NHW individuals, no significant differences were found in amenable mortality
across birth cohorts. No notable variation was observed among NHB born before or after
1955, a finding that was consistent for all five studied diseases as well as the combined
adjusted-amenable mortality rate. NHW men and women showed the greatest gap
between the most and the least educated. Findings also demonstrated that a disparate
cohort and year of death effect between the most and the least educated groups widened
the gap in cause specific amenable mortality risk and ratio among NHW.

Conclusions

Our analysis showed a strong effect of attained education as a key factor for developing
and directing health programs aiming to decrease NCD mortality among predominant US
races. This reality calls for interventions targeting disadvantaged groups, to remove
barriers to quality healthcare, and a healthy longer life. Assertive policy efforts should be
made in the US to implement universal healthcare that includes quality curative medicine
and innovative preventive services for all, thereby reducing the growing disparities in
segments of the population and leading to a more efficient use of available resources.

General mortality consistently declined in the United ease, cancer, chronic obstructive pulmonary disease
States (US) from 1969 to 2013. During the same period ade- (COPD), cerebrovascular diseases and diabetes! has been
crease in the percentage of deaths attributed to the main described. In 2015, however, an increase in all cause prema-
Non-Communicable Diseases (NCD) including heart dis- ture mortality was reported among specific US races. Thus,
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Table 1. Amenable causes of death

Condition ICD-9 codes ICD-10 codes Comments
Malignant neoplasm 153-233.4 C16-C97
Breast cancer 174 C50 Females only
Uterine cancer 179,182 C54-C55 Females only
Cervical cancer 180 C53 Females only
Prostate cancer 185,233.4 Cé61 Males only
Diabetes 250 E10-E14 <60vyears
Hypertensive heart disease 402 111
Ischemic heart disease 410-414 120-125
Cerebrovascular diseases 430-438 160-169
Chronic Obstructive Pulmonary disease & allied conditions 490-496 J40-J46

premature mortality increased among Non-Hispanic
Whites (NHW) mainly due to external causes such as drug
use, suicide and poisoning. Conversely premature mortality
was reported to decline among Non-Hispanic Blacks (NHB);
this decrease was explained by a similar decrease in tobacco
use and improvement in HIV prevention.2

In the US, addressing health disparities remain an over-
arching goal.34 Life expectancy (LE) has increased mainly
due to a reduction in the leading causes of death among
the most educated.’ During the nineties, however, an in-
creasing and widening mortality gap was observed between
the least and the most educated NHB>¢ largely due to de-
creasing mortality rates among the most educated and an
increasing mortality trend among the least educated.’

While social determinants of heath, such as socio-eco-
nomic status, education, and ethnicity are considered
strong predictors of morbidity and premature mortality
worldwide, global prevention strategies for the prevention
and control of NCD do not include them as major risk fac-
tors (5). The World Health Organization (WHO) Global Ac-
tion Plan for the Prevention and Control of NCD? targets
seven major health risk factors for reducing premature mor-
tality from non-communicable diseases by 25% by 2025. Al-
though socioeconomic status and low education are men-
tioned in the strategy, they are not included among the sev-
en risk factors of the 25 x 25 plan. There is also a lack of
consideration between the interrelations of social circum-
stances and health, in the United Nations (UN) 2015 Agenda
for Sustainable Development Goals (SDGs).? The UN agenda
aims to reduce premature mortality due to the leading caus-
es of mortality by one third through prevention of risk fac-
tors and promotion of mental health and well-being. Giv-
en current evidence highlighting the important influence of
social determinants, such as lack of education and low in-
come, on NCD mortality, it is unclear how the US would be
able to achieve this goal by 2030 as established by the UN
resolution.

Amenable mortality is an indicator created in 1976 by
Rutstein!0 to define deaths that could be avoided by exist-
ing appropriate medical care. Rutstein developed a list of
causes of deaths that were amenable to appropriate health
care. The concept was used later by Nolte and Mckee!1:12 to
evaluate healthcare across countries. It has been proposed
that amenable mortality trend and pace is a good indicator
of health care performance.!3

The objective of this study was to measure the impact
of attained education and ethnicity on amenable mortality

caused by five of the leading NCD causes of death, namely
cancer, CVD, cerebrovascular disease, COPD and diabetes
among NHW and NHB in the United States from 1990 to
2015.

METHODS

We analyzed data from 15,275,365 death certificates for
NHW and NHB men and women, dying between 1990 and
2015. We downloaded death certificate data from the US
National Center for Health Statistics. Our analysis was re-
stricted to NHW and NHB because of problems with re-
porting other racial and ethnic subgroups, in particular His-
panics, which are heavily influenced by migration issues!4
Asian Americans, because of small number of deaths, and
Native Americans because of the recognized difficulties in
race classification.!® The US Population estimates (1990 to
2015) by age, gender and ethnicity came from the US Census
Bureau.!6

We used a modified version of Nolte’s list of causes of
death (Table 1) amenable to appropriate health care.!!

Data on attained education and ethnicity were extracted
from the death certificate databases.

Cause of death counts and age-adjusted mortality rates
from 1990 to 2015 were calculated by year, sex, attained ed-
ucation (less than grade 12 or grade 12 and more) and race/
ethnicity (NHW and NHB). We used the 34-cause of death
list from data files 1990 to 1999, and the 39-cause of death
list from 2000 to 2015.17 The mortality rates for 2015 was
the latest year available at the time we downloaded the da-
ta.

We dichotomized the specific education variable in less
than 12 and 12 or more years of schooling. We decided to
do so, because Rogers et al,3 reported the highest mortality
among those with less than 12 years of schooling, suggest-
ing that not completing a high school education was a criti-
cal threshold for the risk of amenable mortality in the US.

Age-and-sex standardized rates were calculated using
the US 2000 population as a standard.

All analyses were restricted to individuals aged 25 to 74
years dying from cancer, cardiovascular disease, COPD, and
cerebrovascular diseases, however, an age range of 25 to 59
years was used for those dying from diabetes. Nolte and col-
leagues limited the age of diabetes deaths to 49 years of age
in their analyses due to the controversy regarding the pre-
ventability of diabetes deaths at older ages!8 but because of
the reported reduction of mortality among people with dia-
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betes in recent years in the US, we extended the age of dia-
betes deaths studied to 59 years.1?

We examined 5-year intervals and calendar period in-
tervals using the age-period- cohort models (APCM) ap-
proach, similar to recent published studies.2 Technical in-
formation on modeling can be found elsewhere.20 In ad-
dition to the annual percentage changes (ACP), frequently
used to produce mortality estimates by jointpoint regres-
sion, the APCM provides age-adjusted effects for period
(year of death) and cohort (year of birth) capturing the dif-
ferential risk over time and facilitating the interpretation
of ACP. Period and cohort effects are expressed as relative
rates (risks) for a specific year, usually the midpoint among
all observed periods/birth ages. We selected 2002 as a ref-
erence year for period effect and 1955 for cohort effect for
cancer, CVD, cerebrovascular disease and COPD. For Dia-
betes we selected 1960 as a reference year for cohort effect
since the cut-off age was 59 years.

Beginning in 1990, we used 5-year ranges for effect esti-
mates, except for the last period that accounted for 6 years
(to include 2015 data). Since period effects are estimated on
the average number of deaths per year within each range,
the impact of this additional year would not result in bias
to comparability with the previous periods. Data were an-
alyzed using intervals of calendar periods (1990 — 2015),

which included 80 cohorts of birth, partially overlapped be-
tween 1910 and 1990.

APCM were adjusted for each combination of sex, edu-
cational level and race categories (6 models), to separate
the general trend in the effects of age. APCM analyses were
carried out with APC Web Tool developed by the National
Institute of Cancer (https://analysistools.nci.nih.gov/apc/).
Tables and graphs were generated using R from APC Web
Tool outputs. Only cohort relative risks are presented with-
out 95% confidence intervals (95%-CI) for the sake of prop-
er visualization, since values on upper limits are too big rel-
ative to the point estimates given smaller sample sizes to
account for the age intervals used to provide 14 birth peri-
ods.

RESULTS

Our study included the analysis of more than 16 million
deaths (Table 2) due to NCDs (Cancer, CVD, Cerebrovascular
Disease, COPD and Diabetes) among NHW and NHB, during
the period of 1990 and 2015. The number of deaths in-
creased with age during the whole study period.
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Table 2. Number of deaths by age and year among NHW and NHB due to NCDs in the United States,

1990-2015
Age Group (in years)

Year 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60- 64 65-69 70-74 Total

1990 3,263 6,522 11,640 19,914 30,289 44,558 70,643 115,661 159,004 190,154 651,648
1991 3,258 6,694 12,309 21,309 31,408 45,681 71,107 115,369 160,310 195,762 663,207
1992 3,090 6,560 12,327 21,573 32,699 46,505 69,374 111,456 156,777 197,311 657,672
1993 3,065 6,511 12,572 21,711 33,750 49,063 70,511 110,450 158,703 202,638 668,974
1994 3,030 6,592 12,930 22,040 35,047 50,774 70,310 107,502 155,014 202,882 666,121
1995 2,837 6,327 13,056 22,619 36,267 51,403 70,135 104,669 150,665 202,324 660,302
1996 2,888 6,142 12,580 22,530 37,609 51,605 69,940 102,942 146,415 198,605 651,256
1997 2,867 5,829 12,475 22,951 37,102 54,172 71,527 101,627 143,446 196,383 648,379
1998 2,745 5,546 12,348 23,180 36,912 54,206 72,981 100,212 138,143 194,401 640,674
1999 2,521 5,031 11,969 23,041 37,495 55,537 75,540 100,367 134,768 191,200 637,469
2000 2,438 4,927 11,320 23,046 38,439 57,396 75,745 99,163 130,189 184,678 627,341
2001 2,424 5,138 11,251 23,116 38,822 59,530 76,737 98,321 125,740 177,716 618,795
2002 2,384 5,054 10,858 23,337 39,694 60,018 80,088 100,323 123,163 172,477 617,396
2003 2,374 4,912 10,361 22,899 40,263 60,028 81,710 103,432 121,457 164,539 611,975
2004 2,408 4,557 9,576 21,821 39,800 60,070 81,759 103,047 119,009 155,636 597,683
2005 2,448 4,503 9,341 21,344 40,056 61,393 84,961 104,996 117,728 152,564 599,334
2006 2,590 4,487 9,133 20,406 39,456 62,029 87,880 104,752 116,895 146,297 593,925
2007 2,459 4,198 8,828 19,164 38,659 62,456 86,301 108,472 118,894 142,693 592,124
2008 2,597 4,229 8,591 18,243 38,259 63,349 86,476 111,488 123,982 143,835 601,049
2009 2,467 4,269 8,520 17,450 37,203 63,781 87,531 113,701 124,440 142,009 601,371
2010 2,383 3,939 7,941 16,426 36,265 63,426 88,815 116,326 126,687 141,871 604,079
2011 2,107 4,226 7,873 16,273 34,652 63,385 91,033 121,255 127,233 143,514 611,551
2012 1,798 4,172 7,348 15,917 32,931 62,572 92,853 120,596 134,851 146,524 619,562
2013 1,934 4,038 7,133 15,616 31,198 61,959 94,660 122,014 138,837 153,763 631,152
2014 2,291 4,419 7,699 15,500 29,872 60,948 96,613 124,826 142,322 157,315 641,805
2015 2,432 4,863 8,078 15,151 29,002 59,561 97,517 128,485 148,673 163,044 656,806
TOTAL 67,098 133,685 268,057 526,577 933,149 1,485,405 2,102,747 2,851,452 3,543,345 4,460,135 16,371,650

Footnote: NHW: Non-Hispanic Whites; NHB: Non-Hispanic Blacks
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Between 1990 and 2015, age-adjusted amenable mortal-
ity rates increased among the uneducated for all-five dis-
eases, while it decreased among the most educated in both
sexes and races. Between the periods 1990-1995 and
2010-2015 (Online Supplementary Document, Table S8),
among NHW males, the combined adjusted NCD amenable
mortality rate doubled, from 175.6 (146.4-210.3) to 354.9
(282.8-445.4) among those with less than 12 grade educa-
tion, while it decreased from 129.5 (125.2-134.0) to 116.5
(112.0-121.2) among those 12 and more grade education;
among NHW females it increased from 359.0 (321.9-400.3)
to 376.8 (329.5-430.8) among those with less than 12 grade
education and decreased from 244.7 (236.8-252.8) to 191.1
(184.7-197.7) among those with 12 grade or more education.
During the same period, among NHB males the combined
adjusted NCD amenable mortality rate remained almost un-
changed from 91.5 (86.2-97.2) to 88.6 (83.9- 93.5) among
those with less than 12 grade education, while it markedly
decreased from 96.3 (90.3-102.5) to 76.8 (72.8-81.1)among
those 12 and more grade education respectively; among
NHW females it increased by 2.4 times, from 136.4
(128.0-145.4) to 324.8 (300.5-351.0) among those with less
than 12 grade education, and decreased from 112.5
(111.0-113.9) to 101.5 (100.0-103.1) among those with 12
grade or more education.

During the whole period 1990-2015, age-standardized
amenable mortality rates were higher among the least edu-
cated NHB and NHW males for all-five diseases, compared
to NHB and NHW females respectively (Figure 1, Panels
A-G). Among the least educated NHB males, age-adjusted
amenable mortality rates were the highest for all diseases
except for COPD. NHW women exhibited the highest COPD
mortality as compared to men from both races and NHB
women.

The gap in NCD amenable mortality among men and
women due to cancer (men=2.2 times/ women=1.9 times),
cardiovascular disease (2.5/3.5), cerebrovascular disease
(2.5 /2.6), COPD (6.0 /5.9), and diabetes (2.6 /3.6) between
the least and the most educated was wider among NHW
than NHB. The gap between the most and the least educat-
ed among male and female NHB was also considerable: can-
cer (1.7/1.1), cardiovascular (1.5/1.5), cerebrovascular dis-
ease (1.5/1.6), COPD (1.9/1.8), and diabetes (1.5/1.8). Dur-
ing the period 1990-2015, the gap in amenable mortality
due to all the five studied diseases, between the most and
the least educated, increased for both races. The greatest
average gap between the most and the least educated was
observed for COPD among NHW women (5.9) followed by
NHW men (5.4), whereas the smallest average gap was seen
for cancer mortality among NHB women.

The increased gap between the most and the least ed-
ucated among NHW and NHB was driven by a sustained
decrease of mortality among the most educated, while
amenable mortality for the least educated NHW and NHB
increased or did not vary across time and most causes of
death.

The NCD amenable mortality annual percent change be-
tween 1990 and 2015 (Figure 2, Panels A-G) declined among
the most educated, while it increased among the least ed-
ucated NHW and NHB population. This difference was evi-
dent for most age groups and diseases. The largest increase
in amenable mortality was observed for the least educated
NHW men and women dying of COPD. NHW women showed
the largest increase in mortality due to diabetes and cardio-
vascular disease.

Using 1955 as a reference year to analyze cohort effect,
amenable mortality for all studied five diseases show a sim-

ilar pattern, with the most educated individuals demon-
strating a decreasing or stable amenable mortality relative
risk, compared to the least educated individuals who ex-
hibited a relative risk linear growth (Figure 3, Panels A-G).
For instance, among cancer deaths, the least educated NHW
born in the 80’s presented amenable mortality rates almost
3 times higher than those NHW men and women born in
1955; however, among the most educated NHW individu-
als, there was no significant differences in amenable mor-
tality across birth cohorts during the same period. There
was no observed significant variation comparing those born
before or after 1955 among NHB; this was the case for the
five studied diseases as well as the combined adjusted-
amenable mortality rate.

Amenable mortality risk steadily decreased for the most
educated NHW (men and women) dying after 2002 (Figure
4, Panels A-G), while it increased for the least educated
among NHW and NHB of both genders.

Specific disease number of deaths as well as detailed
amenable mortality rates by year of death, gender, race and
cause appear in Online Supplementary Document, Table
S2-88, in the same way percent changes in age-adjusted
amenable mortality (1990-2015) appears in the Online Sup-
plementary Document, Figure S1, Panels A-G.

DISCUSSION

The present study includes information from 16.3 million
death certificates pertaining to NHW and NHB individuals
of both genders, ages 25 to 74 years, selected from a total of
more than16 million deaths due to the 5 leading NCDs, in
the United States between 1990 and 2015. This study results
showed a steady increasing gap in amenable mortality from
five major NCD between people with less than grade 12 ed-
ucation and those achieving a high school diploma (more
than 12 years of education) between 1990 and 2015. This
gap is caused by a consistent decrease in amenable mortal-
ity rates among the most educated and a sustained increase
in amenable deaths among the least educated of both gen-
ders and races. Overall, amenable mortality due to NCDs
was higher among members of younger cohorts than among
the older. A year of death effect was also observed with
the most recent years showing higher rates, as compared
to those deaths occurring before 1995. Disparity among the
least and the most educated amenable mortality accounted
for 1.9 million excess deaths during the period 1990-2015.

Rogers et al reported a mortality gradient demonstrating
that those with less than grade 12 education had the great-
est death rates.3 Although having additional degrees of ed-
ucation after high school graduation has been linked to
extended longevity,32! those not achieving a high-school
diploma have shown the greatest disadvantage in LE. Fur-
thermore, Montez et al demonstrated that attaining a high
school diploma was an important step in decreasing de
yearly odds of mortality among adults in the US.22 Thus,
comparing NCD mortality by stratifying the population in
these two large groups (least and the most educated)
demonstrated the largest, and still meaningful, effect size
when analyzing trends among NHW and NHB.

The scope of this analysis was limited by the exclusion of
other important races or ethnic groups such as Hispanics,
Native Americans and Asian Americans, making this picture
of the amenable mortality incomplete. The decision to ex-
clude these groups was based on the heterogenicity of mi-
gration patterns of the Hispanic population,!4 the small
number of deaths among Asian Americans and the reported
risk of race misclassification among Native Americans.!®
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Figure 1. Age-adjusted amenable mortality (X100,000, 95%-CI) due to cancer, CVD, COPD, Cerebrovascular Disease and
Diabetes in the United States by gender and ethnicity, 1989-2015.

NHW: Non-Hispanic Whites; NHB: Non-Hispanic Blacks; CVD: cardiovascular diseases; COPD: chronic obstructive pulmonary diseases

In addition, we used an upper limit of 74 years of age for
both men and women, previously established by other re-
searchers.!12:23 That limit, however, does not account for the
difference in LE among men and women.!8:23 Using differ-
ent upper limit for men and women has not been well-de-
fined by previous research. For diabetes deaths, we selected
those dying before the age of 59 years to reflect the uncer-
tainty of preventing deaths at older ages for those with di-
abetes, an issue previously addressed in this paper. Anoth-
er limitation of our study was the variability in the number
of death certificates with missing information about level
of education. In some cases, the level of education variable
was missing due to variability in the incorporation of this
item into some US state death certificate databases at the
beginning of our study period. The proportion of death cer-
tificates with unknow level of education was 20% in 1990,
dropping dramatically to 9% in 1994. The proportion of
death certificates with unknow level of education progres-
sively decreased to a low of 1.7 % in 2015. Overall, only
6.7% of deaths were excluded due to lack of level of edu-
cation information. As demonstrated in the results, howev-
er, this missing information did not have a significant im-
pact on the results presented here. The methodology used
for our analysis was specifically selected to minimize the ef-
fects of individual year variability of some of the indicators
we used for trend analysis, such as the degree of education.
Sasson et al24.25 demonstrated similarities when comparing

the gap between the most and the least educated NHB and
NHW, combining vital statistics to census data (as we did)
to the use of nationally representative survey data linked to
mortality vital statistics data. As they concluded that both
sources were equally valid, this validation supports our data
source selection.

Another limitation of this study is that we did not differ-
entiate mortality due to types of cancer as it was done by
others.23 Some types of cancers are known to be more likely
to be amenable than others; however, the study of the effect
of education in different types of cancer is beyond the scope
of this analysis.

LE has reportedly declined for uneducated NHWZ26 in re-
cent years in the US. This effect has been seen more
markedly among women than among men. Differences in
the risk of dying between the least and the most educated
NHW population was first reported during the period
1971-1984. The increased mortality among the least edu-
cated, as compared to the most educated, was seen mainly
among men and was attributed to a similar increase of the
risk of cardiovascular disease death among uneducated
men.2’-29 More recently, however, the decline in LE ob-
served among the least educated NHW has been attributed
to diverse causes such as the ongoing opioid epidemic2® or
directly linked to disease and risk factor disparities such as
tobacco use, hypertension, diabetes, obesity>? and external
causes.
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diabetes by gender and ethnicity. The United States, 1990-2015.
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In a related paper, Geronimus et al25 reported on the role
of deaths caused by suicide related to alcoholic liver dis-
ease, the so called Death of Despair (DOD), on the decrease
in LE among NHB and NHW in the US. The paper by Geron-
imus and colleagues?> included some causes of death simi-
lar to our analysis. In contrast, however, we focused on the
proportion of deaths from all major NCD likely to be pre-
vented by improving access to quality health care, as well
as the disparity mortality gap among the most and the least
educated. The popularization of the DOD epidemic should
not divert us from studying the increasing role of internal
mortality causes in the growing disparities among specific
segments of the US population, as discussed in this paper.2>

Although our analysis did not focus on the widely
demonstrated differences in NCD frequencies by race, so-
cio-economic status and other characteristics, we cannot
ignore previous research on these issues. The strong in-
fluence of socioeconomic factors on health, morbidity and
mortality has been well established in other studies show-
ing a widening inequality in mortality.32:33 The relationship
between education and mortality is highly complex and
multi-factorial. In recent years, this relationship has been
the subject of considerable attention given the dramatic
increase of well-educated adult individuals in the United
States. In fact, the proportion of high school graduates in
the US increased by 10 percentage points, from 77% in 1990
to 88% in 2015, with a notably less educated proportion
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among NHB during the early nineties. By 2015, the propor-
tion of high school graduates was almost equal among NHW
(89%) and NHB (87%).16 The association between attained
education and mortality looks to be driven by exposure to
disease specific risk factors34-37 that may be conditioned by
early life conditions such as parental education and income,
individual endowments (e.g., genetics and intelligence), as
well as childhood physical, mental health and social con-
text.3® Hummer and Hernandez estimated that health be-
havior may account for up to 30% of the difference in mor-
tality between the least and the most educated.3”
Socio-economic inequality in all-cause mortality in the
US is driven by increasing mortality among the least edu-
cated coupled with a sustained decrease in mortality among
the most educated.” As suggested by Hayward, it appears
that very high education is strongly associated with living a
(very) long life while not having a basic high school degree
appears to increasingly be a ticket toward a short and un-
healthy life.38 At the international level, Cutler et al3¢ sug-
gested that education is protective for factors that are
known to be bad for health. Research demonstrated that in-
dividuals with education lower than a high school diploma
are disproportionally affected by chronic conditions.3%~4! It
is also a well demonstrated fact that individuals with higher
education levels, benefit the most through advanced knowl-
edge of disease prevention activities. For example, during
the 60s, following the discovery that tobacco was a health
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Figure 3. Relative Risk of amenable mortality due to cancer, CVD, COP, Cerebrovascular Disease and Diabetes in the
United States by gender, ethnicity and birth cohort, 1989-2015.

NHW: Non-Hispanic Whites; NHB: Non-Hispanic Blacks; CVD: cardiovascular diseases; COPD: chronic obstructive pulmonary diseases

risk, there was an observed decline in smoking among the
most educated; however, this effect was absent among the
least educated individuals.42

Education, coupled with income and occupation, are the
main components of socio-economic status (SES) affecting
health and access to care.3842-44 But some research, how-
ever, demonstrated that health disparities between NHB
and NHW goes beyond SES,%> with Black individuals ex-
hibiting poorer health than White individuals from the
same SES. This suggests that education did not translate
in similar health gains for Black and Whites,*3%* which
has been called the hypothesis of “diminishing return”.45:46
The relation of race and education looks to be complex,
multifactorial, and conditioned to multiple cultural, biolog-
ical, social, and economic factors.4” Similar inequalities in
the control of chronic diseases have been demonstrated at
the international level,8 as it is underscored between seg-
ments of the US population in our study.

Our data suggest that even a notable effort has been
made in the US to improve access to healthcare for those
with low SES,34 they have been insufficient in achieving
equal access to care for all Americans with NCD. Due to the
implementation of the Affordable Care Act (ACA), the pro-
portion of uninsured among those that were poor (or near
poor) steadily decreased between 2010 and 2015, reaching
a plateau, or slightly increasing, between 2015 and 2018. In
2018, those considered to be poor (or near poor) were more

than three times less likely to have health insurance?® than
their not poor counterpart, suggesting that health dispar-
ities are likely to continue in the near future as a conse-
quence of the widening gap coverage between those with
high and low SES. While it is still too soon to study the im-
pact of the ACA on amenable mortality, research on this
issue should be developed, if the ACA (or similar broader
healthcare coverage) continues to be implemented in the
future.

A project derived from the Global Burden of Disease
(GBD) combined different indicators and national statistics,
including amenable mortality, from 195 countries to pro-
duce the Healthcare Access Quality (HAQ) index. The 2015
HAQ index for both the US and the United Kingdom (UK)
were classified at the nine decile respectively.> Notably
a 2014 study from the Commonwealth Fund, measuring
healthcare performance in 11 developed countries, ranked
the UK and the US first and last respectively. National
Health Expenditures (NHE) in 2011 for the UK was report-
edly, less than a half ($3,405) of what the US spent on the
same ($8,508)°! (figures are in US$ Purchasing Power Pari-
ty). In the Commonwealth Fund study, the main difference
between the US and other developed countries was the ab-
sence of universal healthcare coverage.>!

Although increasing the proportion of the well educated
in the US population should be maintained as a long-term
goal, prevention and control NCD policies and programs
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targeting individuals with low education seems to be crucial
in reducing the mortality gap between segments of the pop-
ulation. Both the UN agenda® and WHO plan3 identified in-
equalities as determinants of health, however, they should
provide guidance on how to reduce the gap between those
with high and low SES. This would bolster the use of pre-
ventive and control programs among those in need.

CONCLUSIONS

We observed an increasing trend in amenable mortality due
to cancer, CVD, cerebrovascular disease, COPD and diabetes
among the least educated NHB and NHW in the US. Age-ad-
justed amenable mortality rates related to most of the in-
vestigated causes, were the highest among the least educat-
ed NHB men and women. However, NHW men and women
showed the greatest gap between the most and the least ed-
ucated. Findings also demonstrated that a disparate cohort
and year of death effect between the most and the least ed-
ucated groups widened the gap in cause specific amenable
mortality risk and ratio among NHW. Our analysis showed a
strong effect of attained education as a key factor for higher
amenable NCD mortality. Increasing the level of education
of the population as the only answer to the growing mor-
tality gap between the least and the most educated, would
be a simplistic response to the issues reported here. Histor-
ically, similar strategies have consistently failed in revert-

ing the divergent mortality trend between the least and the
most educated, as shown in these series. Using amenable
mortality as an indicator of deaths likely to be prevented
by adequate healthcare, this research underscored the ur-
gent need for solutions to address the lack of access to care
for a sizeable segment of the US population. Poor access to
health care, punctuated by inequities and inefficiencies,>!
among others failures, may be responsible for the divergent
trend in NCD mortality rates, particularly among disadvan-
taged groups. The current challenge in the US is develop-
ing an equitable system of health care delivery, that effec-
tively reduces mortality among all segments of the pop-
ulation, rather than just as a privilege of the most edu-
cated. This reality calls for interventions targeting disad-
vantaged groups, to remove barriers to quality healthcare,
and a healthy longer life. Assertive policy efforts should be
made in the US to implement universal healthcare that in-
cludes quality curative medicine and innovative preventive
services for all, thereby reducing the growing disparities in
segments of the population and leading to a more efficient
use of available resources.
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