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Objectives: Taking the life expectancy (LE) of Non-Hispanic White (NHW) Americans as
an example to provide potential references for improving LE globally.

Methods: We collected complete data from the United States (US) CDC, Office for
National Statistics in the United Kingdom (UK), and the OECD publications, and described
LE changes of NHW Americans by cross-national comparison and Arriaga’s method.

Results: LE of NHW Americans was not as optimistic as European countries from 2006 to
2018. The LE annual average growth rate was 0.04% for NHW Americans, 0.19% for the
UK population, and the median of 25 countries was 0.24%. Compared with the other age
groups, the age group 30-34 revealed an inferior impact on the LE of NHW people, of
which accidents and intentional self-harm were likely to be the top two direct causes.

Conclusion: Finding out the direct causes that affect the LE growth in different age groups
is conducive to making a targeted intervention or solving the LE growth bottleneck.

Keywords: life expectancy, non-hispanic white, Arriaga method, cause of death, mortality rate, deaths of despair

INTRODUCTION

Life expectancy (LE) at birth is an important indicator to assess social health status [1]. China sets a
goal of increasing the LE at birth to 79 years old by 2030, and one of Russia’s national development
goals is to raise the LE to 80 years old by 2030. However, improving the LE remains a worldwide
problem, as the LE growth has slowed in many countries in recent years [2, 3].

Many factors can impact LE, such as advances in public health, modern medical technology [4],
health expenditure, genes, and personal behavior. However, from the perspective of an abbreviated
lifetable calculation, the mortality rate of each age group is likely to be one of the most significant
factors [5]. Therefore, specifically determining the age group that may have the most severe impact
on the LE and relevant causes of death would provide references for pragmatic and targeted measures
to improve LE.

As one of the developed countries, the total health expenditure in the United States (the US)
accounted for 17.7% of GDP in 2018 [6],which was much higher than in other countries. While a
pending question is whether such volumed input echoed the country’s health output. Many studies
with cross-national comparison methods have demonstrated that the LE of the US population has
fallen below other developed European countries [7-9]. Analyzing the reasons behind this
phenomenon would be helpful to improve the LE globally.

The U.S. is a multi-ethnic immigrant country, among which, Non-Hispanic White (NHW)
people account for 60.5% of the total US population [10]. Therefore, there is no doubt that the LE of
NHW Americans would have a great impact on the LE of the US total population. Considering the
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FIGURE 1| Life expectancy trends of non-hispanic white people in the United States, 2006-2018 (Life expectancy, United States, 2006-2018). (A) Both genders.
(B) Females. (C) Males.

NHW population has been more comparable to white Europeans
in terms of genes and lifestyle, it may be more appropriate to take
the Europeans as the comparator in this study.

This study aims to compare the overall LE trend of the NHW
Americans with that of the United Kingdom (the UK) and some
selected European countries, and to explore the negative
influencing factors as well as causes of mortality. The result is
expected to provide references for the US and other countries
with similar demographic profiles to improve LE in the future.

METHODS

Data Sources

The LE data of the UK and other European members of the
OECD were derived from the OECD official website [11]. There
are 25 European countries in the OECD, including Austria,
Belgium, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Netherlands, Norway, Poland,
Portugal, Slovak Republic, Slovenia, Spain, Sweden and
Switzerland.

The age-specific LE data of the NHW population to be used for
Arriaga’s method were collected from the US CDC publications
and the National Bureau of Statistics in the United Kingdom [12].

The top five causes of death for NHW in the specific age group
were classified by ICD-10 criteria and the information came from
the US CDC database [13].

Cross-National Comparison

Populations from  European share  similar
socioeconomic, genetic, cultural, and lifestyle features with
NHW Americans. In the meantime, they are also the countries
with a predominant proportion of white people. Thus, it is
reasonable to do the cross-national comparison to help

countries

analyze the LE trend of NHW Americans. Given that quartile
values and median are more sensitive to random fluctuations of
the LE than the mean value, especially in those countries with
relatively small populations, such as Iceland, we particularly
examined the first quartile, third quartile, and median value
for these countries [2].

Arriaga’s Method

Arriaga’s method can examine the effect of mortality changes in
one age group on LE by controlling the mortality rates in other
age groups [14, 15]. This study applied this method to examine
the impact of changes in mortality on LE in each age group. The
total effect (TE) is an important indicator of the effect of mortality
change in one age group on incremental LE. This indicator was
measured by a combination of sub-group indicators as follows.

1. Direct effect (DE): years of life gained in the age group x, x + n
owing to the mortality changes in the group itself.

2. Indirect effect (IE): years of life gained after the age x + n
because of an increased number of survivors (as a result of the
mortality changes of the age group x, x + n, assuming the
mortality of the older age groups does not change).

3. Interaction: years of life gained because of the supplementary
survivors at age X + n as a consequence of mortality changes
between x and x + n.

RESULTS

NHW Americans Have Lower LE levels Than
That of European Countries

In cross-national comparison, the LE of NHW Americans was
significantly lower than that of the United Kingdom, and also
lower than the median of the 25 European countries. In
particular, the LE of females started to become lower than the
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TABLE 1 | The mortality effect of each age group on life expectancy for non-hispanic white Americans and the United Kingdom, 2006-2018 (Total effect of life expectancy,
United States and United Kingdom, 2006-2018).

NHW Females in the United States

NHW Males in the United States

Females in the United Kingdom

Males in the United Kingdom

TEx Effects of age TEx Effects of age TEx Effects of age TEx Effects of age
group mortality changes group mortality changes group mortality changes group mortality changes
on life expectancy on life expectancy on life expectancy on life expectancy
(%) (%) (%) (%)
0~ 0.066 13.00% 0.086 18.00% 0.076 5.30% 1.278 57.20%
1~ 0.022 4.40% -0.001 -0.30% 0.031 2.20% 0.026 1.20%
5~ 0.013 2.70% 0.007 1.40% 0.001 0.00% 0.013 0.60%
10~ 0.005 0.90% -0.002 -0.40% 0.021 1.40% 0.006 0.30%
16~ 0.026 5.20% 0.047 9.90% 0.011 0.80% 0.037 1.70%
20~ -0.007 -1.30% 0.05 10.60% 0.012 0.80% 0.056 2.50%
25~ -0.042 -8.30% -0.065 -13.70% 0.012 0.80% 0.023 1.00%
30~ -0.074 -14.70% -0.131 -27.40% -0.007 -0.50% 0.026 1.10%
35~ -0.064 -12.70% -0.122 -25.60% 0.015 1.00% 0.006 0.30%
40~ -0.013 -2.70% -0.019 -4.00% 0.017 1.20% -0.02 -0.90%
45~ -0.008 -1.70% 0.026 5.50% 0.021 1.50% —0.008 -0.40%
50~ -0.035 -6.80% 0.025 5.20% 0.075 5.30% 0.084 3.80%
56~ -0.048 -9.60% -0.064 -13.30% 0.063 4.40% 0.085 3.80%
60~ 0.056 11.10% -0.012 -2.50% 0.101 7.10% 0.151 6.80%
65~ 0.119 23.50% 0.082 17.20% 0.149 10.40% 0.177 7.90%
70~ 0.148 29.20% 0.155 32.50% 0.224 15.60% 0.201 9.00%
75~ 0.13 25.60% 0.169 35.50% 0.253 17.70% 0.158 7.10%
80~ 0.102 20.20% 0.148 31.10% 0.238 16.60% 0.078 3.50%
85~ 0.088 17.40% 0.083 17.40% 0.094 6.60% -0.073 -3.30%
90~ 0.025 5.00% 0.016 3.40% 0.025 1.70% —0.053 -2.40%
95~ -0.001 -0.20% -0.001 -0.20% 0.002 0.10% -0.015 -0.70%
100+ -0.001 -0.30% -0.001 -0.10% -0.002 -0.10% —0.001 0.00%
0.506 100.00% 0.477 100.00% 1.43 100.00% 2.234 100.00%
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FIGURE 2 | The top five causes of death mortality for non-hispanic white Americans aged 30-34, 2006-2017 (Mortality rate, non-hispanic white Americans,
2006-2017).

first quartile of the 25 European countries after 2010, and the LE
of males also gradually lagged behind after 2017.

Figure 1 shows a significant gap of the LE between NHW
Americans and the selected Europeans. The gap has been

widening in recent years. From the gender perspective, the gap
changes in the LE of males are similar to females but the disparity
is wider for males than for females. From 2006 to 2018, the gap
between the LE of NHW Americans and the UK widened from
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1.3 to 2.7 years. The gap between the NHW Americans and the
median of the 25 European countries widened from 1.3 to
3.2 years.

Figure 1 also shows that the speed of LE growth of NHW
Americans from 2006 to 2018 was slower than that of other
European countries. During the period, the LE of all NHW
Americans increased by only 0.4 years, with an average annual
increase of 0.04%. Over the same period, the LE of the whole
population in the UK increased by 1.8 years, showing an
average annual growth rate of more than 4-times higher
(0.19%) than that of NHW populations in the
United States. The median value of the LE in the 25
European countries increased by 2.3 years, with an average
annual increase of 0.24%. The males’” average annual growth
rate was higher than that of the females’.

From 2006 to 2012, the LE of NHW in the US rose slowly, that
of females increased by 0.6 years and that of males increased by
0.8 years. However, after 2012, the LE of NHW turned down and
continued through 2017. In particular, NHW males showed a
significant continuous downward trend, from 76.5 years old in
2014 to 76.1 years old in 2017, a decrease of 0.4 years. NHW
females experienced a slight setback in 2015, dropping from 81.2
to 81 years old. However, while the median value of the LE in the
25 European countries and the UK also saw some twists and turns
in 2015, their LE increased overall during the period. In
particular, the median LE of the males in the 25 European
countries increased considerably between 2006 and 2018, from
76.8 to 79.3 years old.

Mortality in the 30-34 Age Group
Contributed Most Negatively to the

Increment of LE in NHW Americans

In this study, the LE at birth was strongly associated with the
mortality in each age group, which could explain the different
levels of mortality contribution to LE in different age groups.
Therefore, Arriaga’s method was used to identify the age group
which had the greatest impact on LE of NHW in the
United States.

Table 1 shows the differences in the total effect due to
mortality by each age group. If the total effect value is
positive, mortality in this age group makes a positive
contribution to the increment of LE. The larger the total effect
value, the greater the contribution to the increment of LE, and
vice versa. From 2006 to 2018, the LE of NHW males in the US
increased by 0.477 years, but the mortality of the 30-34 age group
led to a 27.4% negative contribution to the increment of LE. In
other words, after decomposing the increment of LE by age, the
mortality of the 30-34 age group resulted in a decrease of
0.131 years. However, over the same period, the mortality of
the British males in this age group contributed positively- an
increase of 0.026 years-to the increment of LE.

The result of the NHW females, breaking down by age group,
was very similar to that of males. For females, mortality in the
30-34 age group made the largest negative contribution to the
increment of LE than any other age groups, but its negative
impact (—14.7%) was smaller than that of males (-27.4%).

Clue to Improve Life Expectancy

Accidents and Intentional Self-Harm Were
to Blame for the Mortality Growth of NHW
Americans Aged 30-34 During 2006-2017

Figure 2 shows the top 5 causes of death for NHW Americans
aged 30-34years from 2006 to 2017. They were accidents
(unintentional injuries) (VO01-X59, Y85-Y86), malignant
neoplasms (C00-C97), intentional self-harm (suicide) (UO03,
X60-X84, Y87.0), heart diseases (I00-109, 111, I13, 120-I51),
and assault (homicide) (U01-U02, X85-Y09, Y87.1). Although
the rankings were slightly different between the genders, the fifth
cause of death for NHW females in 2016 was chronic liver disease
and cirrhosis (K70, K73-K74) (2.8/100,000), instead of assault
(2.6/100,000), the rankings within the genders were relatively
stable during the period. Males had higher death rates than
females in all these causes of death, except for malignant
neoplasms. In particular, the mortality of unintentional
accidents in males were nearly 3 times higher than that of females.

Accidents were not only the first leading cause of death, but
also the fastest growing one. Mortality of accidents increased
significantly, regardless of gender. During 2006 to 2017, the
annual average death rates grew by 52.5% (from 21.0/100,000
to 42.4/100,000) in females and 53.4% (from 57.3/100,000 to
107.0/100,000) in males. Especially between 2014 and 2017, the
death rate of females increased by 14.9/100,000, and that of males
increased by 35.5/100,000. According to the US CDC WISQARS
(Web-based Injury Statistics Query and Reporting System)
database, in 2018, among all types of unintentional injury
mortality, poisoning and MV traffic accounted for more than
90% of the death in the NHW Americans aged 30-34 years.

Intentional self-harm was the second top cause of death in
males and showed an unstable growth during the 12 years. In
2017, the death rates in males were 35.1/100,000, which was
3.5 times as high as that of females, and 2 times higher than that of
the United Kingdom (15.5/100,000). Data from the CDC
WISQARS confirmed that the suicide mortality rate in the
NHW males was increasing, with 359 per 100,000 in the
30-34 age group in 2019, while England and Wales were 16.9
per 100,000 population [16].

The mortality rate of assault ranked fifth in both genders, with
relatively slow growth rate. The mortality rates of malignant
neoplasms decreased slightly in both genders, and the mortality
rate of heart disease was quite stable.

DISCUSSION

In this study, we found that the LE of NHW Americans was lower
than that of some European countries. The result demonstrated
that NHW aged 30-34 years had the most negative contribution
to the increment of LE. Besides, unintentional accidents and
intentional self-harm were the top two causes of death in this
age group.

Some currently available cross-national studies revealed
similarly sluggish growth in the LE of the Americans [17], but
these studies usually did not take the demographic composition
into account. In contrast, by following the US Census Bureau’s
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definition of NHW, the NHW Americans includes persons of
European, Middle Eastern and North African origin, we selected
European countries in the OECD to control the ethnicity
differences and increase comparability. However, our result
showed the LE of NHW Americans was lower than that of the
UK and the 25 European countries, furthermore, the gap has been
increasing. Given the NHW population accounts for the largest
proportion of the US total population, the LE trend of NHW can
partly explain why the US is lagging behind the European
countries.

From 2006 to 2018, per capita health cost in the US increased
from $6,821 to $10,624, while it just increased from $3,035 to
$4,620 in the United Kingdom [18], but the LE in the US was not
as optimistic as that in the UK, and did not rank high in contrast
with the European countries. So, it seems that the large volume of
health expenditure input of NHW Americans did not echo its
health output. However, the LE at birth just one of the health
output indicators, it would be irresponsible to judge the US health
input-output ratio just by one metric. The output should be
evaluated by many aspects [19], for example, the mortality rate of
malignant neoplasms for NHW Americans in 30-34 age group
was well controlled, which may reveal the clinical medical
advances in the United States.

The finding that the 30-34 age group had the most negative
influence on the increment of LE concurs with the result done by
Kenneth D. Kochanek’s group who pointed out that NHW aged
25-34 contributed a great loss of 0.125 years to the changes in LE
from 2000 to 2014 [20]. Besides, our findings on the direct cause of
this phenomenon were consistent with those studies on “deaths of
despair”—death by drugs, alcohol and suicide, which was brought
up by Case and Deaton in 2015 [21]. Actually, both the 45-54 age
group, the population studied by Case and Deaton, and the 30-34
age group were also struggling with death of despair.

Two major factors were found to be potentially responsible for
the exceptionally outstanding death rate increase of NHW
Americans aged 30-34 in the accidents. The first one would
be poisoning, which mainly refers to drug overdose. In 2018,
there were 67,367 deaths due to a drug overdose in the
United States, and NHW accounted for 73.7% (49,637 deaths)
of those cases [22]. The overuse of opioids was relatively severe,
among all the drug deaths. Additionally, white Americans were
more sensitive to opioid deaths than other races, based on the
centralized media coverage [23]. The second one is Motor Vehicle
(MV) accidents. According to the Association for Safe
International Road Travel (ASIRT), the US suffered the most
road crash deaths of any high-income country, about 50% higher
than Western European countries, Canada, Australia and Japan
[24]. This is highly associated with poor driving awareness [25]
and growing number of drug users and drunk drivers [26].

Moreover, this study demonstrated that the unstable growth of
intentional self-harm or suicidal mortality should not be ignored
since the majority of suicides are linked to mental illness. A higher
suicide death rate in NHW males than females was probably
related to job/financial problems and criminal/legal problems
[27]. The number of suicidal deaths among the NHW population
in rural areas was higher than that in large or medium-sized
metropolitan cities [28]. Therefore, special attention needs to be

Clue to Improve Life Expectancy

paid to the rural NHW males aged 30-34 and further analyses on
this population’s mental health are necessary.

Age is a factor that is always overlooked in the study of health
inequalities and inequities. There have been very few studies which
examine health inequities across age groups. Yukiko Asada [29]
proposed the idea that health inequality and inequity analysis
results vary by choice, as age increases, the ability of individuals to
make choices also increases, therefore, this may lead to a reduction
in health inequities. Damien Bricard [30] proved that inequalities
of opportunity in health and mortality deepen with age, at least
until middle age, because of differences in the environment of a
person’s upbringing, by a cohort of 17,500 people.

Apart from that, it appears that health inequalities and
inequities on different age groups should be based on the
background of the era. From 2006 to 2018, all age groups
experienced the same development background of the times,
especially the same financial crisis and economic recovery.
During this period, all age groups of NHW Americans
mistakenly believed that their economic and social status was
declining, which brought various forms of psychological and
physical stress, and finally manifested in the impact on health
[31]. But it seems that 30-34-year-olds have more serious health
problems than any other age groups because of the bad
experiences accumulated by this crisis. This may be because of
the social tag on this group—30-34 years old is the decisive point
of destiny. A report from 2018 [32] indicated that 30-year-old
Americans were exposed to more various types of financial stress,
including home loans, car loans, and student loans than any other
age groups, which was even higher than their parents’ generation
as 30-year-olds. Exposure to so much stress was more likely to
lead to mental health problems and risk-taking behaviors [33].

In addition, the total effect calculated by Arriaga’s method is
additive. Apart from the group aged 30-34, NHW women aged
20-59 also contribute negatively to LE growth, which indicated
that NHW women in the US have an increasing risk of death
during their working age [34]. This is consistent with Michelle
Anne Parsons’ analysis of NHW mortality in Arizona, which
found that all 5-year age groups from 25 to 64 experienced an
increase in “deaths of despair”. Both genders have been affected
but females had increased by a greater percentage [35]. A long
series of negative total effect values, from 20 to 60 years old,
demonstrated that the impact of social determinants of health on
LE could not be ignored. Social determinants of health and health
equity are the most concerned issues in the global health. People’s
social status and resources, including income, education,
sanitation facilities and living conditions, can have great
impact on their health. So, with the age span becoming larger,
the influencing factors involved would be much more
complicated. It was indicated that corresponding interventions
for deaths of despair should be comprehensive, and the measures
should be considered to cover a wide range of populations,
especially to the working-age ones.

Finding the age group contributing mostly to the loss of LE and
the leading causes of death in this age group will help figure out
action plans to increase LE and improve the health status of the
people. However, complete and continuous data in most developing
countries are not available.
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In this study, there are three unavoidable data biases: First,
since LE data by ethnicity were not available in the
United Kingdom, we used the LE of British population
included all the ethnicities, among them, British white
accounted for about 84% of the total population in 2018.
Therefore, we adopted the multi-national median value to
enable data comparability. Second, the LE tables for the UK
and the US were from corresponding national statistical agencies.
Systematic errors may arise due to different sources of the
statistical database, nevertheless, the quality of the data was
somehow assured as the sources of the data were authoritative.
Third, the data on causes of death for NHW in 2018 were
unpublished and therefore discarded in this study.

Limitations

The limitation of this study is that the leading causes of death
mortality by age group can only be represented as direct factors of
LE, but there are many other social impact factors. Our study did not
provide sufficient theoretical discussion about other factors
influencing LE but explored the role of age played in the health
inequalities and inequities. Besides, we were short of a model to
evaluate LE changes by supposing the decline of death rates in each
age group. It is expected that future research will focus on analyzing
related factors or predicting the increment of LE by modeling a
certain decline of death rate in some specific age groups.

Conclusion

The LE of NHW Americans was not as optimistic as that of the
European countries. The age group of 30-34 had the greatest
negative influence on the increment of LE for NHW people in the
United States. This is largely due to the continuous and significant
increase of mortality in accidents and fluctuating growth of
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