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Background To better understand factors influencing life expectancy, this paper ex-
amines how the availability of publicly funded health care in a country and multiple
social determinants of health impact longevity of life.

Methods In this descriptive statistical analysis, data regarding publicly funded health
care, life expectancy, and social determinants of health were obtained for 196 countries
and 4 territories. Social determinants included 10 indicators detailing country-level in-
formation to represent 5 key categories: economic stability, education, health & health
care, neighbourhood & built environment, and social & community context. Analyses
consisted of: 1) comparison of mean life expectancy among countries and territories
with- and without- publicly funded health care; 2) correlations in life expectancy across
social determinants by health care access and level of burden; and 3) correlations in
life expectancy within social determinants for health care access by level of burden.

Results Overall, life expectancy in countries and territories with- publicly funded
health care (Mean (m)=76.7 years) was significantly longer compared to countries
and territories without- publicly funded health care (m=66.8 years, P<0.0001). For
each social determinant, we observed longer life expectancy continued to be associ-
ated with publicly funded health care access across stratum (P<0.0001), but differ-
ence in years of life expectancy existed both by burden of social determinant, as well
as access to health care within quartiles of burden (Publicly funded care (yes): 68.12-
80.88 years, (no): 62.39-77.33 years, all P<0.05). Both social determinants as well as
the availability of publicly funded health care were individually and simultaneously
associated with mean longevity of life between countries and territories worldwide.

Conclusions These findings demonstrate how, if made widely available, publicly fund-
ed health care could extend longevity of life. If combined with programs to reduce
the burden of social determinants, a substantial impact can be made to promote more
equitable distribution of life expectancies across the world. Ultimately, both access to
publicly funded care and reducing inequalities in social determinants are needed in

order to promote longer and healthier aging in populations worldwide.
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Major advances in the medical sciences have led to an improvement in global life expec-
tancy, increasing from 32.0 years in 1900 to 66.3 years in 2000 [1]. Since 2000, it has
continued to rise to the current 72.6 years, although stark differences exist in current life
expectancies across countries and territories globally [2]. In addition, while therapies and
cures have been developed to treat many life threatening conditions, individuals continue
to be overburdened by treatable or preventable ailments, raising the question: what role
does access to health care play in prolonging life?
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While disease morbidity can play a substantial role in life expectancy, recent findings in public health research
also call to attention the exigent role social determinants play for the quality and longevity of life in a popula-
tion [3]. There are several individual factors intrinsically tied to a longer life expectancy around the world (eg,
education, income, malnutrition) [4-8]. Such factors can interplay with access to health care in varying ways
based on location, social factors, and health care system. Regressions in social determinants can also blunt the
impact of medical advances and are paramount to address in order to improve the longevity and quality of life
within and outside the health care setting. However, the manner in which social determinants and health care
systems interact remains an underexplored area of public health.

Social determinants can be defined as modifiable factors or conditions in an individual’s daily environment that
have an effect on health and which are tied to place and social context [9]. Social determinants include edu-
cation, economic stability, neighbourhood and built environment, social and community context, and health
care. In combination, these factors constitute five key areas of social determinants that impact the state of an
individual’s health, aspects of which are all prioritized by Healthy People 2020 [10] and the Sustainable De-
velopment Goals 2030 [11]. At the forefront of these factors is education. Educational attainment impacts not
only longevity of life, but also the quality of that life [12-14]. Both of these traits are central to prolonging life
expectancy, as efforts are made to extend life in a manner that includes both well-being and caliber as central
characteristics to a healthy aging process [15]. In the United States (US), higher educational attainment has
been shown to account for as much as 30% difference in life expectancy among adults [16]. When examining
life expectancy, we must also consider multiple indicators of education (eg, literacy rate, population with at
least secondary education) as different factors aid us in better understanding the connection between educa-
tion, health care, and life expectancy overall.

Economic stability is a second key area of social determinants that bears a substantial influence on population
health. At the individual level, socioeconomic status has been shown to impact health throughout the life course
[17,18]. From preterm birth [19] to healthy physical and cognitive aging [20], socioeconomic factors such as
employment and income can directly and indirectly impact an individual’s health. Employment status can also
extend beyond the individual, seriously impacting not only their own survival, but the health and well-being
of their dependents [5,14]. From a population standpoint, factors like Gross Domestic Product (GDP) are con-
stantly tied to morbidity and mortality performance in a given population. Thus, the integration of economic
stability comprises a necessary component for understanding longevity of life.

Both neighbourhood and built environment are also intrinsically tied to an individual’s life expectancy. Pol-
lution, for example, is known to heavily impact childhood health (eg, asthma) and morbidity [21-23]. Respi-
ratory infections, chronic diseases, and other conditions associated with air quality can also impact quality
of life in youth, drastically affecting their physical health, educational attainment, and even the frequency of
emergency care use. As these factors persist throughout the life course, healthy human development can be
compromised causing long term effects carried into adulthood [24]. A starkly different aspect of built envi-
ronment is unintentional injuries which can often lead to premature death. Road safety is one such marker
which impacts rates of disability and mortality in populations around the world [25]. Globally, one person
dies from a traffic-related accident every 25 seconds [26]. Unintentional injuries, combined with 6 million
deaths tied to air pollution[27], make neighbourhood & built environment an integral component for un-
derstanding life expectancy.

How stressors in a person’s social and community context affect an individual can also help us to understand
longevity of life. Coping strategies and other related factors give us insight into an individual’s everyday be-
haviour. Social indicators, such as substance abuse, can serve to highlight what proportion of a population is
facing challenges in their social relationships and daily lives, and how someone copes with stressors [28]. The
consumption of heavy drug and alcohol use, as seen with substance abuse, often results in adverse health ef-
fects that directly impact how long a person might live. Interrelated to substance abuse is suicide, which pro-
vides insight into how well an individual might cope with difficulties, as well as social and community chal-
lenges existing in their community. Suicide rates help to reflect the mental health of a population and access
to mental health care services in that population, which contribute to and can help inform quality and longev-
ity of life at the population level [29].

Finally, health care is an essential social determinant of health that impacts life expectancy. The state and qual-
ity of an individual’s well-being (eg, undernourishment, immunizations, health care access) has long term ef-
fects that can remain throughout the life course [30]. Research on malnutrition, for example, shows lasting ef-
fects on individual health which extend into adulthood [31]. Immunizations also play a role in life expectancy,
mainly through reduction or avoidance of disease burden and transmission, thereby preventing quality of life
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to falter as individual’'s age and in some cases reducing risk of death [32]. Through regular visits to a primary
health care provider, issues like malnutrition and preventative immunizations can be identified early on, re-
ducing the likelihood disease will develop later in life. Perhaps the most important social determinant, thus,
is access to health care. Publicly funded health care can provide individuals with increased access to primary,
secondary, and tertiary prevention services and treatment which can span from regular checkups to life-saving
medical procedures (eg, surgeries) [33-35]. As we evaluate life expectancy, it is therefore critical to incorporate
a deeper understanding of the role publicly funded health care can play for longevity of life in a population.

As noted above, these five areas of social determinants are intertwined with health and life expectancy global-
ly. While life expectancy has been explored substantially in research among each of these areas individually,
there remain two key gaps in scientific knowledge regarding the association between health care access and
life expectancy. First, few studies have looked at differences that exist in health care access and its association
with life expectancy in countries and territories internationally. Understanding how access to care impacts life
expectancy from country-to-country is central to informing health policies around the world. Second, to our
knowledge no studies have looked at the specific association between health care access, life expectancy and
social determinants of health globally. Given the substantial impact social determinants of health play at the
individual level, such factors like economic stability, education, neighbourhood and built environment, and
social and community context may play a significant role in improving or reducing life expectancy within a
country. Evaluating differences in life expectancy in countries and territories with- and without- publicly fund-
ed health care by varying levels of social determinants (eg, high literacy rate + publicly funded health care vs
low literacy rate + publicly funded health care) may help us to better understand the interplay between health
care systems and social determinants of health as they relate to longevity of life.

PAPERS

The current study sought to: 1) determine whether countries and territories with publicly funded health care
have a longer mean life expectancy compared to countries and territories without publicly funded health care.
We hypothesized countries and territories with access to publicly funded care will have longer mean life ex-
pectancy. 2) Evaluate whether differences exist in life expectancy by the level of social determinants among
countries and territories with- and without- publicly funded health care. We expect overall life expectancy
to remain longer among countries and territories with access to publicly funded care, irrespective of the level
of social determinant burden they fall into, consistent with our initial hypothesis. By exploring country-level
indicators for education, economic stability, neighbourhood & built environment, and social & community
context in combination, we assess the association between publicly funded health care and life expectancy at
different levels of social determining factors [14].

METHODS
Data and sources

Forn=200 countries and territories, publicly available data were collected from government and public health
resources (See Table S1 in the Online Supplement Document) to evaluate the impact of social determinants
on the association between health care access and mean population life expectancy at birth for each country.
Primary data sources include the World Bank, the Central Intelligence Agency, the World Factbook, the US
Census Bureau, and the United Nations (See Table S1 in the Online Supplement Document). For all coun-
tries and territories, data for up to 10 indicators, health care access information, as well as life expectancy were
used for corresponding analyses.

Primary variables/measures

Our primary variable of interest, health care access, was defined as the level of care provided by any given coun-
try to the general population. A country was defined to have a publicly funded health care system if it provided
primary services either free of charge or at a nominal fee to all its citizens. Countries and territories were cate-
gorized by their health care systems into two groups to form a binary measure for analysis: those with public-
ly funded health care and those without publicly funded health care (health care access=yes/no, missing=0).

Our primary outcome measure was life expectancy defined as the average number of years a person is expect-
ed to live given sex- and age-specific death rates prevailing at the time of that person’s birth, for a specific year
in a given country [36] (life expectancy =number of years, range=52.1-89.4 years, missing=0).

We first assessed the association between these two measures, followed by a re-assessment that controlled for
the following social determining indicators:
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Social determinants

Social determinants included information for 10 indicators spanning education (literacy rate, secondary edu-
cation), economic stability (per capita GDP, unemployment), neighbourhood & built environment (pollution,
road fatalities), social & community context (male suicide rate, substance use disorders), and health care (un-
dernourishment, infants lacking immunizations).

Education

Literacy rate: pertains to the proportion of individuals in a given country who are 15 years of age or older and
who are able to read and write with basic comprehension (literacy rate = % of population 15+, range=22.0%-
100%, missing="7).

Secondary education: measures all individuals in a given country who are 25 years of age or older and who
have completed any secondary education (secondary education=% of population 25+ with secondary educa-
tion, range =6.1%-100%, missing=36).

Economic stability

Per capita GDP: defined as the total value of goods and services produced in a country per person every year
in US dollars (per capita GDP=US$ per capita, range =US$274-US$190513 per capita, missing=3).

Unemployment rate:_represents percent of the population that is of working age and physically able to work,
but not employed (unemployment rate=% of population in working age, range=0.1%-33.4%, missing=29).

Neighbourhood & built environment

Road fatalities: measures the number of deaths attributed to road collisions per 100000 population in a coun-
try per year (road fatalities=deaths/100 000 per year, range=0.0-35.9/100000 per year, missing=20).

Pollution: represented as the population-weighted annual average exposure to atmospheric particulate mat-
ter (PM) with diameters 2.5 pm (PM2.5s). Among particulate matter, those with diameters 2.5 um are known
to pose the greatest risk to an individual’s health [37] (pollution=number of PM2.5s ng/m’, range=5.9-
99.7ug/m’, missing=6).

Social & community context

Substance use disorders: represents the proportion of a countrys population with either alcohol- or drug-use
related dependence. This is measured using the International Classifications of Diseases criteria (person report-
ing three or more indicators of dependence for a minimum of one month within the previous year) (substance
use disorders=% of persons with substance use disorders, range=1.3%-5.9%, missing=13).

Male suicide rate: defined as the number of deaths by suicide per 100000 male population in a given coun-
try per year (male suicide rate=number of male deaths by suicide/100000 per year, range =0.0-48.3/100 000
per year, missing=21).

Healthcare

Undernourishment: prevalence in the population of persons whose food intake is insufficient to meet dietary
energy requirements continuously (undernourishment=% of population undernourished, range=3.0%-62.0%,
missing=43).

Infants lacking immunizations: represents the percentage of one-year-olds in a population who lack diphtheria,
tetanus, and pertussis (DTP) vaccinations (infants lacking immunization= % of infants lacking DTP immuni-
zation in population, range=1.0%-56.0%, missing=13).

Details on all variables data are present in Table S1 and Figures S1-S10 in the Online Supplement Document.

Analyses

We first evaluated the overall association between health care access as a predictor of life expectancy across
countries and territories. For Aim 1, mean life expectancy was calculated using a t test to compare all countries
and territories with publicly funded health care access to all countries and territories without publicly fund-
ed health care access. We then evaluated our 10 social determining factors to assess if life expectancy varied
by each indicator. For each indicator, we divided countries and territories into one of four groups based on
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quartiles of the indicator values. These groups were then ranked from 1-4 based on how well countries and
territories within each group were performing for that value. For example, for literacy rate which ranges from
22.0%-100%, quartile 1 includes countries and territories with 0%-25% literacy. For this indicator, quartile 1
is also rank 1 while quartile 4 (75%>literacy) is rank 4. For unemployment, however, rank 1 corresponds to
quartile 4 (75%-100% unemployment) indicating the highest burden of unemployment (see Table S2 in the
Online Supplement Document). These ranks were used to evaluate countries and territories’ performance in
analyses. For Aim 2, we ran one-way multiple analysis of variance (MANOVA) to assess social determinants
as independent predictors of life expectancy across ranks. Next, we used two-way t tests to evaluate differ-
ences in life expectancy within ranks for each social determining indicator. Finally, we evaluated both health
care access and social determining indicators as predictors of life expectancy using two-way MANOVA mod-
els. For all tests conducted, we set the level of significance to be 0.05. Analyses were conducted using SAS 9.4
software and Python 3.5.

PAPERS

RESULTS

Overall, we found a substantial variation in life expectancy around the world ranging from 51.2 years in Es-
watini to 89.4 years in Monaco (see Figure 1, panel A). Of 196 countries and 4 major territories evaluat-
ed, 60.5% (n=121) had some form of publicly funded health care. Life expectancy was >80 years in 18.5%
(n=37) of countries and territories, and <60 years in 7% (n=14) of countries and territories. For Aim 1, we
found mean life expectancy among countries and territories with publicly funded health care was significantly
higher (m=76.7 years, standard deviation (SD)=5.3, range (r)=62.0-89.4 years) compared to countries and
territories without publicly funded health care (m=66.8 years, SD=6.7, r=52.1-82.0 years, P<0.05) confirm-
ing our initial hypothesis.

Figure 1, panel B, displays the summation of ranks of social determining factors for each country. Similar to
life expectancy, overall performance of countries and territories for various social determining factors also var-
ies globally. Visually, certain geographical areas with lower life expectancy (eg, Sub-saharan Africa=51.2-55.0
years) overlapped with areas showing poorer overall performance of social determining factors (performance
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Figure 1. Panel A. Life expectancy. Panel B. Overall performance of social determinants across the world. Hatched lines
represent the countries and territories with publicly funded health care systems. Overall performance across social de-
terminants of a country is calculated as the average of that countrys performance ranks across the 10 social determining
indicators considered in the analysis.
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rank=0-1, example: lowest quartile of per capita GDF, range=US$274-US$1905.30 per year). As such, we
explored the impact of social determining factors further by countrys performance using one-way MANOVAs
(Aim 2, Table 1). For literacy rate (f=20.36), population with secondary education (f=45.60), per capita GDP
(f=88.16), road fatalities (f=55.77), substance use disorders (f=9.08), and undernourishment (f=57.32,),
the overall life expectancy across ranks was significantly different (P<0.05). For unemployment rate (f=2.29,
P=0.08), pollution (f=2.39, P=0.07), male suicide rates (f=1.94, P=0.13) and infants lacking immunizations
(F=1.58, P=0.19), differences in life expectancy between ranks were not significant.

Table 1. One way and two-way Manova

A) ONE WAY B) TWO-WAY

MANOVA Social indicator Social indicators Healthcare Overall
(single predictor) (E, P) access (E, P)

Literacy rate 20.36, P<0.05 9.20, P<0.05 90.00, P<0.05 44.96, P<0.05
Population with Secondary education 45.60, P<0.05 17.17,P<0.05 30.80, P<0.05 48.27,P<0.05
GDP per capita 88.16, P<0.05 41.82, P<0.05 29.35, P<0.05 83.17, P<0.05
Unemployment 2.29,P=0.08 2.01,P=0.11 113.70, P<0.05 31.30, P<0.05
Road fatalities 55.77, P<0.05 22.40, P<0.05 29.55, P<0.05 56.00, P<0.05
Pollution 2.39,P=0.07 0.81,P=0.49 108.60, P<0.05 30.02, P<0.05
Substance use 9.08, P<0.05 5.08, P<0.05 104.61, P<0.05 36.81, P<0.05
Male suicide rate 1.94, P=0.13 00.73,P=0.54 99.41, P<0.05 27.12, P<0.05
Undernourishment 57.32, P<0.05 2541, P<0.05 21.73,P<0.05 54.25, P<0.05
Infants lacking immunizations 1.58,P=0.19 0.78,P=0.50 109.60, P<0.05 29.29, P<0.05

To evaluate differences within ranks by health care access (Aim 2), we ran two-way t tests to compare within-
group means for life expectancy (Table 2). countries and territories with publicly funded health care had sig-
nificantly higher mean life expectancy compared to countries and territories without publicly funded health
care. This was irrespective of performance rank for all social determining factors with the exceptions of per
capita GDP (1 significant group) and undernourishment (2 significant groups). For per capita GDP, countries
and territories with the lowest performance (rank 1, US$274-US$1905.30) saw a difference of 7.04 years in
life expectancy (P<0.05). Similarly, undernourishment in rank 1 had a difference of 4.60 years (P<0.05) and
in rank 2 a difference of 6.21 years (P<0.05) for life expectancy between groups. Countries and territories
with higher per capita GDP (rank 2-4) and low (3%-6% of population) burden of undernourished population
(rank 3-4) had no significant difference by health care access for life expectancy, although mean life expectan-
cy remained higher in countries and territories with publicly funded health care.

To evaluate health care access and social determining indicator performance ranks for their effect on life ex-
pectancy (Aim 2), we used two-way MANOVA models. Each MANOVA included two independent variables
(social determining factor performance, health care access) and life expectancy as the dependent variable.
Across all models, health care access was a significant predictor of life expectancy after accounting for social
determining indicators (Table 1). For social determinants, literacy rate, population with secondary education,
per capita GDP, road fatalities, substance use disorders, and undernourishment were all significant predictors
of life expectancy after accounting for the effect of health care access (P 0.05 for all). Similar to the one-way
MANOVA models, for unemployment (P=0.11), pollution (P=0.49) male suicide rate (P=0.53) and infants
lacking immunizations (P=0.50), two-way MANOVA models were not significant.

DISCUSSION

Overall, we found mean life expectancy to be higher in countries and territories with publicly funded health
care compared to those without, confirming our initial hypothesis. This trend persisted across social determi-
nants with some notable findings. From our benchmark assessment, there was an apparent overlap in areas
with shorter life expectancy and areas with poor performance of social determinants. Upon statistical evalua-
tion, it became clear that regardless of the specific stratum of social determinant or corresponding performance
rank, countries and territories with publicly funded health care access continued to have longer life expectan-
cy. For example, in looking at GDP and health care access, among countries and territories with some form of
publicly funded health care, life expectancy in the highest performance rank (rank 4) was 10.5 years longer
than life expectancy for countries and territories in the lowest performance rank (rank 1). When comparing
countries and territories without publicly funded health care access, the difference in life expectancy was even
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Table 2. Tivo-way ¢t test across performance ranks for each social determining factor

PERFORMANCE RANK

PERFORMANCE RANK

1 2 3 4 1 2 3 4
;—Iceczilstshcare Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes No
Education Social & community context
Literacy 04 6300 76.17 68.16 78.08 70.12 77.67 6307 SUPSANCE o35 s397 7564 6892 7595 6239 7453 67.26
ratem (6.50) (5.86) (5.35) (6.75) (4.30) (7.20) (4.47) (626) ‘v (3.92) (4.56) (5.12) (7.39) (5.60) (4.57) (5.78) (6.43)
(SD) disorders
vl (=-4.83 {=-4.90 =-3.82 =391 {=-2.84 t=-335 (=-8.94 {=-3.54 wn
’ P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 %
Secondary 70.83 6391 7472 6991 7853 7271 7749 7250 Male 76.00 67.41 77.24 62.87 76.00 67.38 76.17 7155 o
education (6.11) (5.87) (523) (5.52) (4.12) (5.53) (445) (4.64) suicide  (6.01) (6.13) (4.57) (6.94) (5.99) (6.15) (5.06) (6.19) é

t=-2.65 t=-2.81 =321 {=-2.52 {=-4.64 (=-8.44 t=-4.74 =-2.49

P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05
Economic stability Health & health care
GDPper 7037 6333 73.14 70.06 7538 70.33 80.88 77.33 U“de.r'h 68.12 6352 74.69 6848 7507 71.00 78.86 77.25
capita 6.65) (5.15) (4.59) (5.74) (3.29) (6.28) (3.39) (5.69) ;"e‘:tls T (3.60) (5.83) (587) (5.83) (3.45) (6.52) (3.94) (4.03)

t=-3.75 {=-2.00 t=-1.93 {=-1.69 =211 £=-3.20 t=-173 t=-0.79

P<0.05 P=0.05 P=0.11 P=0.10 P<0.05 P<0.05 P=0.11 P=0.43

Infants
Unemploy- 76.40 6594 7227 67.50 77.61 7044 76.61 6476 lacking  76.62 65.07 7511 67.82 78.15 6546 7635 69.11
ment (5.06) (7.59) (5.18) (5.90) (5.09) (6.66) (5.69) (6.86) immuni- (5.00) (7.04) (6.51) (8.14) (528) (6.69) (425) (4.78)
zations

1=-537 {=-5.76 =-3.95 (=-6.17 {=-6.36 t=-3.37 1=-6.41 =-5.82

P=<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05
Neighbourhood & built environment
pollution 1207 6394 7644 67.89 7698 6550 7745 66.79

(5.88) (6.30) (5.609) (6.64) (4.57) (9.72) (5.51) (6.65)

t=-5.08 t=4.65 t=-3.91 {=-5.67

P<0.05 P<0.05 P=0.05 P<0.05
Road 70.75 6359 7348 68.46 7600 7322 80.06 71.67
fatalities  (6.76) (5.69) (4.24) (7.20) (3.51) (3.23) (4.62) (9.07)

t=-3.11 =292 t=-2.16 {=-2.86

P<0.05 P<0.05 P<0.05 P<0.05

M — mean life expectancy (years), SD — standard deviation of mean

greater (14.0 years, rank 1 vs rank 4). Even more alarming, when looking at the most distinct stratum, coun-
tries and territories in rank 1 without health care access compared to countries and territories in rank 4 with
health care access had a difference in life expectancy of 17.55 years. This highlights the interplay of health care
access with factors impacting quality of life, both of which uniquely affect longevity of life.

When considering how health care access affects longevity of life, social determinants provide insight into what
adversity an environment presents for health. At the individual level, a person’s ability to navigate health care
systems is directly impacted by the socioeconomic status of their country. If we look at the GDP for ranks 2-4,
life expectancy did not vary significantly by access to publicly funded health care implying good economic
conditions in a country can mitigate some of the challenges associated with access to health care at the indi-
vidual level. How easily a person is able to, for example, obtain a hospital bed and the quality of care delivered
will vary drastically based on a countrys level of economic prosperity. A country with a stronger per capita
GDP may benefit from improved access to health technology and infrastructure, ensuring improved preventa-
tive care is obtained as compared to resource-low settings. At high levels of GDP there will be less of a burden
from social determinants affecting the health of a population. Conversely, if a country has much lower GDP
and fares poorly from a socioeconomic standpoint, the role that health care access plays may carry more im-
portance because of the adversity presented by social determinants in this context. As such, while health care
access remains the most important factor, we cannot ignore the substantial impact social determinants can play
in promoting or hindering quality of life and health.

Access to health care & improving social conditions — a two-sided approach

Publicly funded health care is a determinant of health. It reduces individual cost of health care, while enabling
more equitable access. Not having publicly funded health care can actually create barriers to care, particularly
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for low income and other vulnerable populations. Lack of publicly funded health care often delays diagnosis
of diseases, which has the potential to turn chronic conditions into fatal outcomes. As seen in the HIV care
continuum, aggressive cancers, and even the current COVID-19 pandemic, earlier entry into care can be piv-
otal for lowering disability, morbidity, and mortality risk.

Reluctance of vulnerable groups often stems from an inability to take on the financial burdens or responsibil-
ities of obtaining care, leaving their health to be subjected to using high-cost emergency services when con-
ditions have escalated in both severity and consequently cost. From a health policy standpoint, the decision
between small costs that have to be exchanged for present needs for individuals or families, could be curtailed
by government funded programs that prevent expensive emergency situations and avoidable disabilities or
deaths from occurring. If we consider the “Ayushman Bharat” program in India, a lower-middle-income coun-
try, there are notable changes taking place. The program provides financial assistance for health care services
to families in need and covers almost all secondary hospitalizations, as well as many tertiary [38]. The plan
covers almost 40% of the population, ensuring that everyone gets the medical attention that they need. India
has also set up 150000 wellness centres that provide services including pregnancy care and maternal health
services, neonatal and infant health services, and child health services. As a result, eligible individuals are able
to present themselves to health care facilities on their own accord. Over 10 million people have already bene-
fited from this initiative since it began in September 2018. Programs like this could be developed in any coun-
try with poor or disparate access to health care. For example, in low-income parts of Turkey, everyone is re-
quired to pay for their health-related expenditure, which results in people often delaying visits to health care
facilities [39]. The same is the case in the US, the only high-income country without publicly funded health
care, where people lacking insurance (eg, immigrants) also often delay entry into care [40-42]. For both of
these settings, even partially covered health care could increase access for millions of individuals for an array
of social determining outcomes and conditions.

In our analysis of 194 countries and 4 major territories, we found a difference between quartiles for longevi-
ty of life across all 10 measures. The greatest divides can be seen in countries and territories with high levels
of pollution (>75%), low to moderate drug use (25%-50%), and countries and territories with a high pro-
portion of infants lacking immunizations (>75%). For these variables, these data might be regarded as key
correlates of health. Our results suggest that publicly funded health care does, in fact, impact life expectancy
and that social determinants can play a significant role in improving or reducing the mean number of years
of life expectancy in a given population. While not all social determinants play the same role for improving
health (eg, male suicide rate, infants lacking immunizations), variations seen across ranks demonstrate that
all social determinants remain important factors affecting life. As such, access to free or universal health care
will in fact universally improve life expectancy if made widely accessible around the world and — wherever
needed — should be accompanied by efforts to reduce the burden of social determinants of health placed on
the health of a population.

Life expectancy and implications of the COVID-19 pandemic

In the last two years, COVID-19 and its variants have killed over six million people worldwide. As a result, it
has also impacted life expectancy, including a drop of 1.86 years in the US, which is largely driven by racial
disparities occurring in Black and Latino populations (eg, Black: -2.10 years, Latino: -3.05 years) [43]. Simi-
larly in Brazil, the female-to-male gap in life expectancy has widened by 9.1% due to gender-based differenc-
es in COVID-19 risk. The pandemic has also led to a greater decline in life expectancy in regions disparately
impacted by social determinants, such as income inequality, lack of access to infrastructure, and shortage of
physicians and hospital beds [44]. For some rural areas in Brazil, progress in life expectancy has seen as much
as a 60% reduction during the pandemic, progress that took nearly 20 years to achieve. This serves to high-
light the vulnerability of subpopulations particularly afflicted by social determining factors (eg, racial/ethnic
disparities in deaths) [45], underscoring the existing weaknesses in health care systems today.

As we consider the COVID-19 pandemic and uncertainty towards vaccinations, parallels for the potential im-
pact of uptake of immunizations is highlighted in our findings for infants lacking immunizations. When eval-
uating performance of infants lacking immunizations among countries and territories across ranks, there does
not appear to be significant differences in life expectancy as with other social determinants. For countries and
territories with publicly funded health care, the difference in longevity of life in rank 1 compared to rank 4 is
negligible, and the difference among countries and territories without publicly funded care is only 4.04 years.
However, when looking at differences within the lowest performance rank (rank 1) by access to publicly fund-
ed health care we see a stark difference of 11.55 years of life. These larger differences persisted across ranks 2,
3 and 4, underscoring the unequivocal role a health care system can play for life expectancy. Despite having
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the highest annual health care expenditure globally, the US fails to achieve a life expectancy comparable to
countries and territories such as England or Costa Rica, both of which have publicly funded health care sys-
tems [46-48]. Addressing disparities in infant immunizations could contribute to improving life expectancy
through reduced childhood morbidity and mortality rates, ultimately improving life expectancy in the US and
countries and territories alike.

Study limitations

While there is much to be learned through this global evaluation of life expectancy, this study is not without
its limitations. First, for several social determining factors, publicly available data was not accessible for every
country. Due to data restrictions, we were unable to obtain variable information for each country from the
same year. To address this, we utilized the latest available information for all metrics. We also mitigated data
limitations by including missing data in our statistical analyses, which served to underestimate rather than
overestimate any effects. Additionally, data quality and control at the country level may also impact some cor-
relations drawn in this study. However, inaccuracies contained in the data may be alleviated by our use of
quartiles which eliminates the reliance on individual country data. Similarly, we were only able to incorporate
a binary measure for health care access into our analysis despite global variations between health care systems.
Amongst countries and territories with publicly funded health care systems, delivery, access and costs associ-
ated with health care vary. These heterogeneities in the quality of health care delivery to individuals must be
further investigated to fully understand the impact health care access has on life expectancy. Although we used
elementary classifications, our findings still highlight just how important any form of publicly funded health
care access is to a populations’ health.

PAPERS

Given the multitude of social determinants that may influence health, we were unable to include an exhaus-
tive list of factors. Factors included in the study were driven by known correlations with life expectancy and
data availability. GDP per capita, one of our socioeconomic factors, is an example of a readily available and
standard measure to compare between countries. While it does not account for the distribution of a countrys
wealth, when analysed alongside the unemployment rate, these capture biases at either end of the economic
spectrum (eg, the 1%, poverty). Thus, our use of multiple indicators allows us to mitigate biases that would
be otherwise introduced by the use of a single indicator.

Although our analyses had these limitations, we were able to incorporate multiple indicators for 5 key millen-
nium development goal areas. We were also able to evaluate the simultaneous impact of indicators and health
care access on life expectancy. These associations are all influenced by specific cultural, community, and so-
cioeconomic environments, relationships that we only begin to address in our assessment. This study high-
lights the critical urgency to focus public health research and efforts on understanding the heterogeneity of
populations and health and what role health care access — in all its iterations — has for quality and longevity of
life. To our knowledge, this study is the first to evaluate globally the relationship between health care access,
social determinants, and life expectancy. Future research should continue to explore analytic approaches that
may be better able to capture such associations.

CONCLUSIONS

As public health and medicine continue to develop new advancements to promote health and longevity of life,
we must also continue to ensure inclusivity in access to those advancements and quality of life globally. These
findings highlight how substantial an impact even basic access to publicly funded care can make in improving
life expectancy despite substantial social and economic burdens. Our findings also demonstrate just how piv-
otal social determinants can be for life expectancy. If we are to make significant headway in extending life, we
must consider a dual-prong approach that includes both access to health care and reduced burden of social
determinants to synergistically improve health throughout the life course. Only by incorporating both equity
of social determinants and access to health care can we provide populations with the best possible outcomes
for their health and longevity of life.
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