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ABSTRACT
Objective  To quantify inequalities in lifespan across 
multiple social determinants of health, how they act in 
tandem with one another, and to create a scoring system 
that can accurately identify subgroups of the population at 
high risk of mortality.
Design  Comparison of life tables across 54 
subpopulations defined by combinations of four social 
determinants of health: sex, marital status, education and 
race, using data from the Multiple Cause of Death dataset 
and the American Community Survey.
Setting  United States, 2015–2019.
Main outcome measures  We compared the partial life 
expectancies (PLEs) between age 30 and 90 years of all 
subpopulations. We also developed a scoring system to 
identify subgroups at high risk of mortality.
Results  There is an 18.0-year difference between 
the subpopulations with the lowest and highest PLE. 
Differences in PLE between subpopulations are not 
significant in most pairwise comparisons. We visually 
illustrate how the PLE changes across social determinants 
of health. There is a complex interaction among social 
determinants of health, with no single determinant fully 
explaining the observed variation in lifespan. The proposed 
scoring system adds clarification to this interaction 
by yielding a single score that can be used to identify 
subgroups that might be at high risk of mortality. A similar 
scoring system by cause of death was also created to 
identify which subgroups could be considered at high risk 
of mortality from specific causes. Even if subgroups have 
similar mortality levels, they are often subject to different 
cause-specific mortality risks.
Conclusions  Having one characteristic associated with 
higher mortality is often not sufficient to be considered 
at high risk of mortality, but the risk increases with the 
number of such characteristics. Reducing inequalities is 
vital for societies, and better identifying individuals and 
subgroups at high risk of mortality is necessary for public 
health policy.

INTRODUCTION
Who is at high risk of mortality? This ques-
tion has been the focus of many public 
health, actuarial and social policies. Identi-
fying at-risk individuals can nevertheless be 

complex, as multiple factors influence health 
and mortality. Although individual risks and 
genetic factors explain part of the differences 
in health and mortality, a large and increasing 
body of evidence reveals the role of social 
factors in shaping health.1 These social deter-
minants of health are non-medical factors 
that influence health, comprising “conditions 
in which people are born, grow, live, work and 
age”.2 They include factors such as income, 
education, race, place of residence, employ-
ment status and social support networks. In 
some settings, social determinants have been 
found to have a larger impact on health than 
medical care.1 This is seen, for instance, in 
Galea et al (2011), who found the number of 
deaths attributable to low education in the 
United States (US) in 2000 to be similar to 
that from myocardial infarctions.3 Individuals 
with lower education and income levels have 
been found to have lower life expectancies 
than those with higher levels,4 5 with these 
differences increasing over time.6–8 Likewise, 
many studies reveal a social gradient in health 
and mortality across other factors in addition 
to education and income, including sex, 
race, marital status and place of residence.1 
For instance, men have lower life expectan-
cies than women,9 10 those unmarried lower 
than those married,11 and Blacks lower than 

STRENGHTS AND LIMITATIONS OF THIS STUDY
	⇒ Quantifies the intersection of sociodemographic fac-
tors on risk of mortality.

	⇒ Develops a scoring system that can efficiently iden-
tify subgroups that are at high risk of mortality.

	⇒ Summarises mortality levels across social determi-
nants of health.

	⇒ Based on cross-sectional data.
	⇒ Uses a limited number of sociodemographic vari-
ables in the analysis.
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Whites.12 13 Analysing race in public health research 
represents the interplay of structural factors that leads to 
racial and ethnic inequalities in health, health outcomes 
and mortality. These factors include housing, education, 
employment, environment, earnings, benefits, credit, 
media, healthcare and criminal justice, and are the basis 
of structural racism in the US.14

The social gradient in health and mortality is often quan-
tified by comparing summary measures, for example, life 
expectancy and standardised mortality rates. On average, 
individuals of higher socioeconomic status (SES) have 
higher life expectancy and lower mortality than indi-
viduals from lower SES groups. These measures quan-
tify between-group inequalities, whereas within-group 
inequalities, often referred to as lifespan inequalities, 
explain the variation of lifespan around these summary 
measures.15 Lifespan inequality captures how equal the 
lifespans are within a population, with lifespan distribu-
tion often having a large variation. Research on lifespan 
inequalities reveals overlaps in lifespan distributions 
of two or more populations, meaning some individuals 
from a population with a low life expectancy live longer 
than some individuals from a population with a high life 
expectancy. Studies that measure overlaps in distributions 
are limited16–18; however, a small but emerging body of 
research shows some of the characteristics of these over-
lapping lifespan distributions.17 18 These overlaps occur 
because there is lifespan inequality within each compared 
population, which reflects remaining variation in indi-
vidual, health and social characteristics. For example, 
women, on average, live longer than men, but not all 
women and men have the same education level or marital 
status, and some men end up having long lifespans while 
some women end up having short lifespans. So, is being 
male sufficient to be considered high risk for mortality? 
The answer is no. Research reveals that the male survival 
disadvantage is driven by some subpopulations of men 
with particularly high mortality.19

Public health policies are often designed to benefit 
a target group impacted by a disease or a health condi-
tion. In public health, defining a target group is “an 
important condition for formulating realistic objectives 
for reaching these objectives as well as for reaching the 
group itself”.20 When it comes to identifying groups at 
high risk of mortality, using only one social determinant 
of health does not provide well-defined groups, as large 
lifespan inequalities can remain within these groups. To 
understand these inequalities, how they act in tandem 
with one another, and to identify individuals at high 
risk of mortality more accurately, we investigate lifespan 
differences for subpopulations based on multiple social 
determinants of health – sex, race, marital status and 
education level – and propose a scoring system to assess 
overall and cause-specific mortality risk more accurately. 
The scoring system proposed in this article can reflect the 
intersectional nature of mortality risk. Intersectionality 
is a theoretical framework whereby multiple socioeco-
nomic factors intersect at the individual level to reflect 

inequalities at the population level.21 In the context of 
public health research, intersectionality can be anal-
ysed to understand inequalities in health outcomes and 
mortality. The scoring system allows one to more easily 
assess how multiple factors intersect or interact to lead to 
inequalities in lifespan.

METHODS
Data
Death counts were extracted from the Multiple Cause of 
Death dataset from the National Vital Statistics System of 
the National Center for Health Statistics.22 Deaths were 
provided by single-year age groups, sex, marital status, 
education and race. Population counts were extracted 
from the American Community Survey (ACS) from the 
United States Census Bureau.23 The ACS has data with 
similar variables and single-year age groups until age 99 
years. We used pooled data from 2015 to 2019. We did not 
include data from 2020 and onwards to avoid the effect of 
the COVID-19 pandemic.

We analysed all combinations of sex, marital status, 
education and race, categorised as:

	► Sex – female (F) or male (M).
	► Marital status – married (Ma), previously married 

(Pm) (divorced and widowed) or never married 
(Nm).

	► Education – high school diploma or less (Hd), some 
college or associate degree (Sa) or university degree 
(Ud).

	► Race – Black (B), Hispanic White (H) or non-Hispanic 
White (W).

In total, 54 US subpopulations were analysed.
The open-ended age group within the ACS varies 

across states and survey year. We found that the anal-
ysis of old-age mortality can only be done for an open 
age group of 90+ years. This issue, combined with the 
low population counts at older ages, and the “salmon 
bias”, whereby older Hispanics leave the US when their 
health begins to deteriorate, leaving behind a healthier 
Hispanic population than there would have been other-
wise, leads to estimation problems of old-age mortality 
for many of the subpopulations. Non-robust estimates 
of mortality and life expectancy at age 90+ years were 
found. To avoid potential bias we limit the analysis to 
age 30 to 89 years.

We also analysed cause-specific mortality trends. The 
Multiple Cause of Death dataset offers such data for the 
US. We looked at 12 underlying causes of death, repre-
senting the 11 leading causes of death in the US in 2019 
and homicide.24 We included homicide as this cause is an 
important contributor to lifespan inequalities. Cancers 
were broken down into four groups: lung cancer, breast 
cancer, prostate cancer and other cancers. The causes of 
death and their codes from the 10th Revision of the Inter-
national Classification of Diseases (ICD-10) are shown in 
the online supplemental material.
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Life tables
Life tables were calculated for all possible combinations 
of determinants, totaling 54 subpopulations (two sexes 
× three marital statuses × three education levels × three 
races). We used the period (cross-sectional) life table, 
which is used to calculate the life expectancy of a hypo-
thetical cohort of individuals, as if individuals born in a 
given year experienced the age-specific mortality rates 
observed that year over their lifetime. Period life expec-
tancy is one of the most used measures of population 
health.25 However, due to data problems at older ages, 
we limit the analysis to mortality and partial life expec-
tancy (PLE) between age 30 and 90 years. PLE measures 
the expected number of years lived between specific ages, 
here between age 30 and 90 years for a maximum of 60 
years of life. Confidence intervals for the life tables were 
calculated using the Chiang method.26

Decomposition
To understand the differences in PLE between subpopu-
lations, we applied the Arriaga decomposition by cause of 
death.27 28 The method decomposes the contribution of 
specific causes of death to the absolute difference in life 
expectancy. We adapted the method to decompose PLE 
instead of life expectancy.

Scoring systems
Considering several social characteristics increases the 
accuracy, but also the complexity, of the analysis required 
to identify individuals at high risk of mortality. Scoring 
systems are an efficient solution to this problem because 
they summarise data from multiple variables to yield 
a single score. For example, the Apgar score uses five 
criteria from an infant at 1 minute of age to establish the 
need for breathing intervention.29 30 The Framingham 
Risk Score uses a combination of behavioural, clinical and 
demographic criteria to yield a score that estimates the 
10- year cardiovascular risk of an individual.31 32 Several 
scoring systems were developed to predict COVID-19 
mortality risk during the pandemic.33 34 From a public 
health perspective, these scoring systems are useful tools 
that can rapidly identify groups at higher risk of mortality 
or other health outcomes based on several variables. 
Many methods have been suggested to establish a scoring 
system, most of which rely on regression analysis. The 
Framingham Risk Score is based on the beta coefficients 
of an age-adjusted Cox proportional hazards regres-
sion.31 32 Scoring systems to predict COVID-19 mortality 
have been established based on a logistic regression 
model or stepwise regression.33 34

In this article, we suggest a lifespan scoring system 
considering social determinants of health, identifying 
the risk for an individual to be subject to high mortality 
rates. The system is based on a Cox proportional hazard 
model applied to the age-specific death rates of the 
subpopulations. The scores are the standardised (beta) 
coefficients of the Cox proportional hazard model multi-
plied by −10 and rounded. We use the population with 

the closest age-specific death rates to the national popu-
lation as reference in the Cox proportional hazard model 
(Black married men with some college or an associate 
degree). We chose to multiply the coefficient by −10 to 
provide a single unit score. A negative score indicates 
that the population has worse survival (higher mortality) 
than the average and a positive score indicates better 
survival (low mortality). As the method is based on the 
Cox proportional hazard model, the coefficients have the 
same interpretation: they are the logged hazard ratios 
(HRs), with exp(β/10) expressing by how many times 
the studied population has a higher or lower mortality 
than the average. The system was compared with another 
system based on a linear regression applied to the PLE 
(see online supplemental material) and very similar 
scores were found, despite the Cox proportional hazard 
model capturing the logged HR, and the latter model 
capturing differences in PLE (coefficient also multiplied 
by 10). In this case, the hazard scale can then easily be 
converted into differences in years of life, a more easily 
interpretable metric. The scoring system is based on 
cross-sectional data, representing a mortality risk for the 
life tables’ hypothetical cohorts.

The variable scores are additive. Although we decided 
not to add the complexity of interaction effects to the 
scoring system (but a model including interaction can 
be found in the online supplemental material), the 
hypothesis that interactions of sex, race and educational 
attainment can be multiplicative rather than additive is 
confirmed by Mehta and Preston35 in a relative risk model 
for US mortality. They show that such interactions are 
testable, but confirm that they are difficult to interpret.

Patient and public involvement
No patients or members of the public were involved in 
the study.

RESULTS
Our analysis is based on pooled data over 5 years (2015–
2019) that we divide into 54 subpopulations. We observe 
population sizes ranging from a minimum of 1.02 million 
(obtained applying sample weights to 8634 individuals) 
and 11 014 deaths for Hispanic men with a university 
degree who were previously married, to a maximum 
of 8.34 million (obtained applying sample weights to 
0.96 million individuals) and about 0.7 million deaths for 
White men with a university degree who are married. We 
include information on population size and deaths for 
all the 54 subpopulations in the supplementary material. 
Figure 1 shows the PLE between age 30 and 90 years for 
the 54 subpopulations. Two main results emerge from 
this figure. First, there are very large differences in PLE 
between the subpopulations. There is an 18.0 year differ-
ence between the minimum and maximum PLE between 
age 30 and 90 years across the subpopulations. White 
never married men with a high school diploma or less 
have the lowest PLE, with 37.1 years. By contrast, White 
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married women with a university degree have the highest 
PLE, with 55.1 years. Due to the relatively small sample 
sizes in the ACS, the confidence intervals of the subpop-
ulations are large. The difference in PLE between the 
lowest and highest populations is significantly different. 
However, no significant differences are found in most 
pairwise comparisons.

Second, figure  1 shows that the advantage of groups 
with high PLEs is not obvious once multiple determi-
nants are considered. No one determinant brings a clear 
advantage to all individuals equally. For example, some 
subpopulations of women have lower PLEs than some 
subpopulations of men. White married men with a univer-
sity degree have a PLE of 53.2 years, which is higher than 
81% of all the women subpopulations (22 of 27 female 
groups). Similarly, some subpopulations with low educa-
tion outlive some with high education. Married Hispanic 

women with a high school diploma or less have a PLE of 
51.4 years, which is higher than 44% of the subpopula-
tions characterised by a university degree (8 of 18 groups 
with a university degree).

There are many factors that influence health and 
mortality, and different combinations of social deter-
minants lead to different PLEs. Figure  2 illustrates the 
complexity of the contribution of social determinants of 
health to the length of life. The vertical axis represents 
the PLE for the subpopulations. The centre of the 
network is the PLE for the total US population (red 
circle) with a value of 49.0 years. The first partition is 
the most important variable that explains the differences 
in lifespan, here being education level. Each coloured 
circle represents the PLE for a given education level. 
The next partition is the second most important vari-
able (marital status) and so on. For example, having a 

Figure 1  Partial life expectancy between age 30 and 90 years with 95% confidence interval by social determinants of health, 
United States 2015–2019. Sources: Multiple Cause of Death Data (MCDD),22 American Community Survey (ACS)23 and authors’ 
own calculation.
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high school diploma or less (in black) reduces the PLE 
to 45.0 years, but following the path through married 
(squares), female (no fill) and Hispanic (H) shows that 
this combination has a PLE of 51.4 years. The figure illus-
trates that a characteristic that negatively impacts PLE 
can be offset by a characteristic that positively impacts 
PLE and vice versa. For example, having a high school 
diploma or less reduces PLE by 3.9 years compared with 
the total. However, being married and female increases 
PLE by 4.9 years, bringing the life expectancy of married 
women with a high school diploma or less to above the 
national PLE. To give another example, having a univer-
sity degree increases PLE by 3.9 years compared with the 
total, but being never married and male decreases the 
PLE of highly educated individuals by 4.8 years, bringing 
the PLE of never married men with a university degree 
below the national level. What brings an individual to 

the top (or the bottom) of the scale is not having one 
characteristic that impacts PLE positively (or negatively) 
but having more than one. The subpopulations with the 
lowest PLEs are those with multiple social determinants 
that are associated with worse health.

At what point does an individual become at high risk 
of mortality and short lifespan? In table  1, we present 
a scoring system for identifying groups at high risk of 
mortality across social determinants of health. Each vari-
able score is additive. For example, being female (score 
of 4), married (0), White (1) and having a high school 
diploma or less (−5) yield a total score of 0. Based on this 
system, the total scores can take values between −10 and 
8. The definition of high mortality can vary depending on 
the criteria. For example, if high mortality were defined 
as being higher than the average, then subpopulations 
with a total score of less than 0 would be considered at 

Figure 2  Tree of partial life expectancy between age 30 and 90 years across social determinants of health, United States. 
2015–2019. Sources: Multiple Cause of Death Data (MCDD),22 American Community Survey (ACS)23 and authors’ own 
calculation.
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high risk. The score of 0 is obtained by White married 
women with a high school degree or less, White never 
married women with some college or an associate degree, 
Black married men with some college or an associate 
degree, and White previously married men with a univer-
sity degree. Conversely, if high mortality were defined as 
having death rates one standard deviation (SD) above the 
mean, then a score of −5 would indicate a high mortality 
risk. About 50% of the subpopulations have a score of 0 
or higher and 19% of −5 or lower. However, this does not 
mean that individuals in subpopulations that have a low 
score will not survive to older ages, as a large variation 
within groups remains (see online supplemental mate-
rial). However, it does indicate that individuals with these 
characteristics might be subject to higher mortality risk, 
and thus might require more medical or public health 
intervention.

Figure  3 shows the contribution, in years, of various 
causes of death to the difference in PLE among the 
subpopulations and the national level. Subpopulations 
are ordered according to their PLE, increasing from 
bottom to top. It shows how many years of life each cause 
contributes negatively or positively to each subpopu-
lation, relative to the national level. Overall, mortality 
differences from heart disease, unintentional injuries (U. 
injuries) and other causes explain most of the difference 
in PLE between the subpopulations. Subpopulations 
with low PLEs are those with high mortality rates from 
these three causes of death. The figure also shows that for 
the least advantaged subpopulations, most causes have a 
negative contribution to the PLE, and for the most advan-
taged groups, most causes have a positive contribution. 
However, the picture is not as clear for subpopulations 
in the centre of the ranking. Some causes have positive 
contributions and others have negative contributions for 
different subpopulations.

Figure  4 illustrates a scoring system for mortality by 
cause of death, using a similar methodology to the scoring 
system introduced in table 1. This system can indicate if 
some subpopulations are at higher risk of mortality from 

specific diseases, relative to the weighted average cause-
specific mortality rate. The range of the scores varies 
between causes. We found a positive correlation between 
the range of the scores by cause and the SD of the death 
rates across subpopulations, with a larger SD coming with 
a larger range of scores (see online supplemental mate-
rial). For example, for suicide, the scores can take values 
between −4 and 12 (range of 16), and the mean SD for the 
death rates across ages is 1.12. In comparison, the scores 
for breast cancer can vary between −6 and 3 (range of 9), 
with a mean SD of 0.39. The causes of death in figure 4 
are ordered by SD, from the cause with the largest SD 
across subpopulations to the smallest.

The range of the scores for each social determinant 
is also representative of its importance in explaining 
the mortality differences among subpopulations. For 
instance, education explains more of the variation across 
subpopulations for chronic lower respiratory diseases 
(CLRD) (range of 7) than it does for suicide (range of 1). 
Similarly, there were more differences between men and 
women for suicides than for CLRD.

Figure  4 also shows that while being married always 
lowers mortality compared with not being married, and 
that higher education always lowers mortality compared 
with lower education levels, the gradient is not as obvious 
for race. Some causes negatively impact more Whites, 
such as suicide, unintentional injuries, CLRD and lung 
cancer, while others negatively impact more Hispanics, 
such as liver diseases. However, most causes tend to nega-
tively impact Blacks across the board. Women generally 
have a survival advantage over men across all causes, 
except for other cancers and Alzheimer’s disease.

Different social determinants of health have different 
impacts on each cause of death. As a result, the causes 
of death contributing to the mortality disadvantage vary 
across the subpopulations, even if the overall score is the 
same (see online supplemental material). For example, 
White previously married women with a high school 
degree or less are at high risk of mortality from lung 
cancer, other cancers, CLRD, Alzheimer’s disease, kidney 
diseases, and influenza and pneumonia. Black never 
married men with a university degree are at higher risk 
of mortality from heart disease, prostate cancer, cerebro-
vascular diseases, diabetes, kidney diseases and homicide. 
Both subpopulations have an overall mortality score of 
−3.

DISCUSSION
There is a complex interaction between social and indi-
vidual determinants of health, with no one determinant 
explaining the full observed variation in lifespan. Having 
one characteristic that is associated with higher mortality 
is often not a sufficient criterion to be considered at 
high risk of mortality, but the risk does increase with the 
number of such characteristics. In addition, not all anal-
ysed social determinants of health have the same degree 
of influence on lifespan and mortality. For example, 

Table 1  Additive lifespan scoring system across social 
determinants of health, United States 2015–2019

Social 
determinant –5 –4 –3 –2 –1 0 1 2 3 4

Sex M F

Marital Nm Pm Ma

Education Hd Sa Ud

Race B W H

Note: Sex: female (F), male (M). Marital status: married (Ma), 
previously married (Pm), never married (Nm). Education: high 
school diploma or less (Hd), some college or associate degree 
(Sa), university degree (Ud). Race: Black (B), Hispanic-White (H), 
non-Hispanic White (W).
Sources: Multiple Cause of Death Data (MCDD),22 American 
Community Survey (ACS)23 and authors’ own calculation.
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we found that education often has a greater impact on 
lifespan differentials than race. Multiple factors influence 
health in various manners, making it difficult to identify 
at-risk individuals. We introduced a scoring system to help 
identify individuals at high risk of mortality based on their 
social determinants of health in a simple manner.

The use of PLE and its graphical representation provide 
some advantages: (1) it converts a hazard scale to years of 
life (we showed that models based on hazard and PLE 
provide similar scores) and (2) it is easier to understand, 
as one does not have to add together and exponentiate 
the parameters to understand how factors in the model 
were combined to exacerbate or offset risks.

Limitations
The scoring system could oversimplify the underlying 
factors at play. We only considered four characteristics 
– education, race, sex and marital status – due to the 
limited number of variables available in the selected data-
base. Including more variables, such as income, place 
of residence, environmental factors, access to health-
care, or information on health-related behaviours (eg, 
smoking) could make the scoring system more precise 
and efficient. It is important to note that despite decom-
posing the US population into 54 subpopulations, large 
within-population inequalities remain (see online supple-
mental material). Many additional factors contribute to 

Figure 3  Contribution in years from various causes of death to the difference in partial life expectancy between age 30 and 
90 years for 54 subpopulations characterised by various social determinants of health and the national value, United States 
2015–2019. Note: Results for breast and prostate cancer are not shown here. As they are sex-specific types of cancer, and the 
comparison is with the total US population, women are automatically at high risk of breast cancer and men of prostate cancer. 
Sex: female (F), male (M). Marital status: married (Ma), previously married (Pm), never married (Nm). Education: high school 
diploma or less (Hd), some college or associate degree (Sa), university degree (Ud). Race: Black (B), Hispanic-White (H), non-
Hispanic White (W). Sources: Multiple Cause of Death Data (MCDD),22 American Community Survey (ACS)23 and authors’ own 
calculation.
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inequalities in lifespan. As a result, the lifespan distribu-
tions of all subpopulations overlap. The probability that 
White never married men with a high school diploma 
or less will outlive a random person (using the national 
lifespan distribution) between age 30 and 90 years in 
the US is 29%. At the other end of the spectrum, White 
married women with a university degree have a 63% 
probability of outliving a random person in the US. The 
probability that an individual from the former subpop-
ulation will outlive an individual in the latter is 19%. 
While the limited number of characteristics also limits 
the explained variance of lifespan, a smaller number of 
variables did help with visualising the complex pathway to 
high or low lifespan (figure 2).

In addition, because there could be interaction between 
the variables that is not accounted for, we created another 
scoring system that considers this. We include this system 
in the online supplemental material. Considering interac-
tion between variables would increase the precision of the 
score, but decrease its simplicity. In health and actuarial 
sciences, scoring systems are often based on diagnostic or 
pharmaceutical information for the purpose of assessing 
an individual’s disease prognosis or calculating insurance 
payments. The proposed scoring system is different in that 
its purpose is to identify groups at high risk of mortality. 
Nevertheless, including information on health-related 
behaviours or diagnoses would help make scoring more 
precise. We did not have such information in the data.

Figure 4  Scoring system across social determinants of heath by cause of death, United States 2015–2019. The variable 
scores are additive. The range of the score of each variable is written at the right of each panel. Note: For breast cancer, the 
analysis is only performed for women; and only for men for prostate cancer. Sex: female (F), male (M). Marital status: married 
(Ma), previously married (Pm), never married (Nm). Education: high school diploma or less (Hd), some college or associate 
degree (Sa), university degree (Ud). Race: Black (B), Hispanic-White (H), non-Hispanic White (W). CLRD, chronic lower 
respiratory diseases; U. injuries, unintentional injuries. Sources: Multiple Cause of Death Data (MCDD),22 American Community 
Survey (ACS)23 and authors’ own calculation.
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The current article does not aim to predict individual 
lifespan, rather it aims to provide a tool to better identify 
individuals at higher risk of mortality. Other studies have 
attempted to predict individual lifespan, but highlight 
that, despite considering various predictors, their models 
could not account for most of the lifespan inequalities.36 37 
Predicting individual lifespan remains a challenging task.

As the PLE between age 30 and 90 years is calculated 
from period data, our results assume that the age-specific 
mortality rates observed in 2015–2019 will characterise 
the life of a 30-year-old until age 90 years from those years. 
While this is still an ideal measure for summarising popu-
lation health as it requires minimal data, it might not be 
ideal for comparing subpopulations defined according to 
certain characteristics.25 We take four characteristics and 
treat them as a snapshot of a series of profiles and assume 
that these profiles are what an individual experiences for 
their whole life. This is not a limitation for race or sex 
(for the most part). We assume changes in educational 
attainment to be minimal after age 30 years and that this 
does not have major implications on the results of this 
study. Other socioeconomic characteristics not consid-
ered, such as income and employment status, are more 
dynamic and could provide better control for economic 
determinants. These variables were not available in the 
selected dataset. Marital status is prone to change, and 
this study only accounted for marital status at a single 
point in time. By analysing period data, we also do not 
account for educational and marital status differences 
across cohorts. For instance, highly educated people from 
older generations, especially women, represent a selected 
group, at least partially explaining the magnitude of the 
inequalities observed in our results. It is also important 
to note that because mortality has been left truncated at 
age 30 years, a variable degree of mortality selection has 
occurred before that age.

Furthermore, we acknowledge that our results are based 
on unlinked data, used to separately calculate deaths and 
exposures. This, especially when using education and 
marital status as indicators of social status, might lead to 
explaining greater gaps between social groups compared 
with what would be observed with linked data.38 39 Finally, 
survey data are subject to misreporting of information 
that could lead to biases in the obtained results. This is, 
for instance, one of the competing causes for observing 
the Hispanic mortality paradox in the US.40

Explanations
Men and women exhibit different behaviours when it 
comes to health risk and healthcare. For example, women 
are known to seek healthcare more than men, and have 
fewer health-risk behaviours such as smoking and alcohol 
consumption.41 42 Men are also at higher risk of experi-
encing violence. In our results, women generally have a 
survival advantage over men across all causes of death, 
except for other cancers and Alzheimer’s disease. With 
regard to other cancers, the female disadvantage might 
be related to female-specific cancers, such as ovarian 

and uterine cancer, included in this category. It is also 
well documented that women have a higher incidence of 
Alzheimer’s disease; however, there is evidence that this 
could be because women have longer life expectancies 
than men.43 44

Since 2000, the US has seen increasing mortality in 
midlife among non-Hispanic Whites, while mortality rates 
fell for non-Hispanic Blacks and Hispanics in midlife, as 
well as those aged 65 years and older across every racial 
and ethnic group.45 This has been attributed primarily to 
increases in mortality caused by drug and alcohol poison-
ings, suicide, and chronic liver diseases and cirrhosis. 
Drug poisoning deaths, predominantly by opioid over-
dose, contributed to a small loss in life expectancy in the 
US overall.46 Of the five subpopulations with the lowest 
life expectancies, Whites accounted for three: never 
married men with a high school diploma or less, previ-
ously married men with a high school diploma or less, 
and never married women with a high school diploma or 
less. There are other health risks that differ across racial 
and ethnic groups. For example, Hispanics tend to have 
higher rates of high-risk drinking and liver disease,47 while 
Whites have higher smoking prevalence.48 Additionally, 
Blacks have higher prevalence of obesity,49 and are more 
likely to die by homicide. Conversely, despite generally 
being of lower SES, Hispanics in the US tend to have 
better health outcomes and lower mortality, a phenom-
enon known as the “Hispanic mortality paradox”.40 This is 
attributed to return migration of Mexican migrants, also 
known as the “salmon bias”.

Social factors are known for accumulating their effects 
throughout the life course of individuals and result in 
higher risks of developing life-threatening or disabling 
diseases. This is partially because individuals with different 
socioeconomic backgrounds have different access to and 
use of healthcare, different residential and professional 
arrangements, and exhibit behaviours that might affect 
health risks. This is certainly captured by education, as 
individuals with higher degrees have better skills to detect 
health problems and assess them. Education is also highly 
correlated with work conditions in adulthood, exposure 
to risks in the work place, income and health insurance 
status, leading to overall advantages for those with high 
levels of education.50–52

Historically, mortality in the US has been higher for 
unmarried people than for married people, and higher 
still for previously married people in all age groups,53 
including at the oldest ages.54 It is also commonly 
reported that marital status is more strongly associated 
with mortality among men than women, with the latter 
benefitting less from the protective effect of marriage.55 
For older cohorts, this has often been explained as the 
effect of women taking care of their husbands at older 
ages, with a negative effect on women’s health.56 For 
younger cohorts, although women’s roles have changed 
within households, men still benefit the most from 
marriage, with their spouses succeeding in positively 
influencing their health behaviours.57
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Implications
Inequalities in health and lifespan are a burden on society, 
both socially and economically.50 These inequalities are 
associated with a host of outcomes, including unequal 
access to, and duration of, pensions, among others. The 
United Nations Department of Economic and Social 
Affairs highlighted the importance of monitoring and 
reducing inequalities in lifespan. “Inequality in life expec-
tancy can have a considerable bearing on the length of 
retirement, running a risk that disadvantaged groups 
receive less pension as they tend to die earlier. Relatedly, 
reforms aimed to extend the economic activity and the 
productivity of the older population by increasing retire-
ment age can be seen as a regressive measure if they do 
not account for inequality in life expectancy.”58 In addi-
tion, the difference in life expectancy between subgroups 
of the population is costly to a country’s economy.59 
Reducing inequalities is vital for societies, and identifying 
the individuals at high risk of mortality is necessary to 
succeed.

The scoring system presented in this article can help 
to identify defined groups with high-mortality risk. For 
example, public policies cannot target all low-educated 
individuals as one homogeneous group; we show that 
low-educated married women have relatively high 
average lifespans. We also show that the reasons for low 
lifespan among low-educated individuals vary greatly. For 
example, smoking-related mortality (eg, lung cancer) 
tends to be higher among low-educated Whites than low-
educated Hispanics. Anti-smoking campaigns targeting 
individuals of low socioeconomic status could have some 
degree of impact, but some individuals who are not in risk 
groups could be targeted, which could lead to a misallo-
cation of resources and inefficiencies in implementation 
programmes. For example, Hispanic previously married 
women with a high school degree or less do not have an 
elevated mortality risk from lung cancer.

The inability to identify a few characteristics respon-
sible for the inequalities in lifespan might complicate 
the role of public policies. Population-based prevention 
focuses on determinants which shift the health/mortality 
distribution for a whole (sub)population.60 While all the 
analysed social determinants of health shift lifespan and 
mortality distributions, they can only explain a small frac-
tion of the inequalities. So, should the focus be more on 
individual prevention? Rose (2001) argued “Case-centred 
epidemiology identifies individual susceptibility, but it 
may fail to identify the underlying causes of incidence”.60 
Both types of interventions – individual and population-
wide – should not be in competition but complement 
each other.

The introduced scoring system is a first step in identi-
fying individuals at high risk of mortality. Further studies 
should be performed including more variables and data 
from different countries. There is a complex interaction 
across social determinants of health, but tools exist to 
simplify and understand it, allowing for better identifica-
tion of individuals at high risk of mortality.

X Marie-Pier Bergeron-Boucher @bergeron_mp, Julia Callaway @juliacalla and 
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