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The concept of “Population Health” is the understanding
of the factors that modulate health outcomes of individuals
living in a specific geographic area. This concept includes
defining those distinguishing features amongst individuals
residing in the same area that result in different outcomes. The
data collected by the population health approach should lead
to policy, regulation, and systems level change focusing on
the economic, environmental, and social components that can
lead to meaningful change in health outcomes for communities
(1). The focus of population health is to move the focus from
“health care” to “health.” An appropriate implementation of
population health should lead to a decrease in health care
expenditure while increasing quality of life as well as life
expectancy.

A great example of successful implementation of population
health was the 1854 London cholera epidemic where there
were 500 deaths in 10 days and which the epidemic was
thwarted by removing the contaminated water pump handle.
Other examples include the development of smallpox and
other vaccines as well as discovery of the importance of hand
washing in the health care setting. Professor McKeown pointed
out that before the advent of antibiotics in the 1930s, the field
of medicine had had a minimal effect on the large increase in
life expectancy that had occurred in the previous century (2).
The factors that were mainly responsible for the decrease in
mortality in that era were purely economic, leading to enhanced
environmental quality and increased food availability for the
population.

Atmospheric Pollution

The Great Smog of London in 1952 resulted in 4,000 to
10,000 deaths occurring predominately in very young and older
persons (3). Far greater numbers of people became ill during
the 5 day-long stretch of polluted smog covering the city.
The majority of deaths that occurred were due to hypoxia and
respiratory diseases. Despite knowing the deleterious effects
of air pollution on a population for many years, modern society
continues to struggle with eliminating air contaminants. Pope
et al (4) found that in cities in the United States of America,
fine particulate air pollution (PM2.5 or greater) was associated
with decreased life expectancy. Data collected in New York
City, one of the top ten most polluted cities in the United
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States, (5) found that 75% of deaths attributable to a >PM2.5
occurred in adults 65 and older. Similarly, an increase in deaths
attributed to a defective ozone layer predominately took place
in older persons. In one study, air pollution was responsible
for over 60% of respiratory and cardiovascular hospitalizations
in older persons. Interestingly, cockroaches play a part in
air pollution in that they shed body parts and feces which act
as allergenic air pollutants. There has been shown to be an
increased mortality rate of persons living in housing with high
cockroach infestation in the Bronx, New York. Additionally,
similar effects of PM2.5 and greater have been shown in other
countries such as China (6).

In addition to respiratory illness, air pollution has also been
associated with increased risk for stroke and depression (7).
Moreover, air pollution is related to cognitive decline and
dementia (8, 9). Animal studies have demonstrated that the
likely pathophysiology behind this phenomenon is ongoing
neuroinflammation and neurodegeneration associated with
hyperphosphorylated tau protein and amyloid plaques.
In Sweden, traffic air pollution was related to both vascular
dementia and Alzheimer’s disease (10). The odds ratio for
dementia was 1.07 for persons living within 50m of a freeway
as compared to 1.02 for those living within 200m of a freeway
(11). Indoor pollution is also detrimental and pollution from
cooking with wood or coal indoors has been associated with
impaired cognition (12).

Stressors

Numerous studies have shown that following natural
disasters, e.g., earthquakes or hurricanes, there is an increase
in hospitalizations and mortality in the following months.
After the 2008 Sichuan (Wenchuan) earthquake in China, we
had an opportunity to follow a group of 90-year-olds (13). In
comparison to an age-matched group that we had followed in
the prior years, there was a marked increase in mortality in this
elderly population cohort for the year following the earthquake.
Similarly, after Hurricane Maria in Puerto Rico, mortality rates
increased specifically among the elderly population. This
excess mortality occurred predominantly in persons 60 years
and older and was due to cardiovascular disease, dementia, and
sepsis (14).

In Hong Kong, adverse weather conditions were found to be
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associated with increased mortality in the oldest-old males from
1977-2008 (15). However, during this time, adverse political
situations related to the return of Hong Kong to Chinese rule are
also likely related to increased mortality demonstrated. There
were increased mortality rates at the time the United Kingdom
announced their decision to return Hong Kong to China and
then again around the time of the actual return to Chinese
rule in 1997. This strongly supports the concept that pure
psychological stressors, whether related to weather conditions
or political upheaval, etc., can increase mortality. Importantly, it
should also be recognized that disaster evacuation among older
persons is associated with increased mortality (16, 17). This
suggests that disaster planning should prioritize “sheltering in
place” for older persons whenever possible (16, 17).
Bereavement is another psychological stressor. There is a
2.50 increased odds ratio in the first month after the death of a
spouse and this increased mortality likelihood is still present at
12-months after the spousal loss (18). The increase in mortality
is predominantly due to increased deaths among men with
cardiovascular disease (19). Following bereavement, women
have been shown to spend an excess of $3,500 on health
expenses in the following 2 years (20) after spousal loss. In
addition to increase in mortality, the loss of a spouse also is
associated with functional impairment and increased morbidity

21).
Green Spaces (Built Environment)

The concept of “Green Space” is a central feature of the
World Health Organization’s Aging-Friendly Cities program.
Green spaces have been found to improve interaction and
socialization of the persons living in a geographical area.
Loneliness is a major problem for many older persons and
it is possible that for some people, the green spaces reduce
loneliness (22). Other possible advantages of green spaces
include ease of walking in a pleasant environment, improved
ease of access to commercial destinations, increased public
safety, a reduction in environmental pollution, and a decrease
in neighborhood social stresses (23, 24). Walkable green
spaces have been shown to decrease mortality of older persons
regardless of function and socioeconomic status (25). Other
advantages of green spaces include improved general health,
improved quality of life, lower risk of heart disease, slower
cognitive decline, reduced obesity, less lower body functional
limitations and a better walking speed (26, 27) (Table 1).

Climate Change

Global warming is a major problem for older persons for
several reasons (28). For instance, with the aging process, the
body naturally loses some of its fine-tuned mechanisms needed
to thermoregulate with temperature extremes. These include
difficulty with sweating mechanisms needed for cooling and
circulatory vasoconstriction mechanisms needed for warming.

Compounding on this, some medications reduce the ability of
the body to thermoregulate. The implementation of population
health-friendly policies requires that air-conditioned centers,
e.g., shopping malls, churches, etc. are available for older
persons to shelter in during in heat waves (29). It should be
noted that extreme heat waves are also associated with an
increase in ozone atmospheric pollution.

Table 1
Advantages of Green Spaces

Decreased obesity

Increased recreational activity
Reduced environmental pollution
Less stress

Improved health with less heart disease
Improved mental ability

Less decline in gait speed

Less loneliness

Less depression

Less decline in lower body function
Improved quality of life

Deceased mortality

Nutrition

Adequate nutrition plays a key role in maintaining function
in older persons. In old age, weight loss is a major determinant
of poor health outcomes (30). In older persons, a higher Body
Mass Index (BMI), as long as there is adequate muscle mass,
is protective against functional decline and mortality (31).
Interestingly, protein energy malnutrition in older persons
is independent of socioeconomic status and goes beyond the
availability of resources to buy food (32). For this reason,
screening for anorexia of aging, utilizing the Simplified
Nutritional Appetite Questionnaire (SNAQ), is a key to early
prevention of weight loss (33, 34). Anorexia, as determined by
the SNAQ, is a determinant of quality of life in older persons
(35).

Several studies have demonstrated that persons who adhere
to a Mediterranean Diet have lower all-cause mortality and
death from cardiovascular disease (36, 37). Mediterranean style
diet is also related to improved physical performance (38) and a
lower risk of dementia (39, 40). Extra virgin olive oil, one key
component of the Mediterranean diet, appears to be particularly
associated with a lower risk of dementia (41) and this is likely
due to the phenyls in olive oil reducing oxidative damage in
the brain (42). Fruit and vegetable consumption independently
reduce frailty (43), disability (44) and mortality (45). Similarly,
a high ingestion of fish may improve outcomes (46), whereas
increased red meat ingestion leads to increased mortality (47).
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These data support dietary diversity as a reasonable approach
to diet in older persons (48, 49). From the population health
point of view, it is important to make certain that fruit and
vegetables are readily available at a reasonable cost in low
socio-economic inner-city areas (50). The role in developing
community gardens is important in this regard (51) and may
lead to overall better nutrition and reduced morbidity and
mortality.

Secondary Prevention: Screening for Geriatric Syndromes

An important component of aging friendly health systems
is to provide screening for geriatric syndromes (52). Early
detection for frailty (53), sarcopenia (54), anorexia of aging
(55), falls (56, 57) and cognitive dysfunction (58) is a key
component to improve outcomes for older persons, as targeted
individualized interventions may be put in place. These
interventions are often modest, but have great impacts on health
outcomes. For example, a simple algorithm has been developed
to identify causes and interventions for those who screen
positive for frailty utilizing the FRAIL screen (59). In Australia,
it has been recommended by the Australian government that
all persons over 65 years of age be assessed for frailty by their
family practitioner through utilizing the FRAIL screen (60).
In fact, the Minister of Aged Care in Australia considers a
positive screen on the FRAIL screen to be “the canary in the
coal mine” for older persons in that frailty is indicative of poor
health outcomes and disability and thus must be treated. From
the population health viewpoint, group exercise programs
for persons with sarcopenia (61) and frailty, and cognitive
stimulation group therapy for those with moderate dementia
(62, 63) should be available for all members of the population.

Conclusion

The need to develop population health programs targeted
specifically at older persons is long overdue. As shown in
Figure 1, the factors leading to longevity around the world
do not always correlate with common recommendations.
An example of this is the recommendation for very low salt.
Population health data supports moderate, but not very low, salt
intake (64, 65). Similarly, as pointed out in a recent editorial in
our Journal, there is no evidence to support very high vitamin D
supplementation and limited data to support vitamin D intake
in many older persons (66). Furthermore, supplementation
with antioxidant vitamins has been shown to actually increase
mortality (67, 68). This highlights the sentiment that much
caution needs to be taken in interpreting available data to any
specific population at a population level. What may be useful
and improve health outcomes in younger individuals, may not
have the same positive effects in the elderly and vice versa.
In conclusion, health care is transitioning to precision-driven,
patient-centered medicine utilizing artificial intelligence and the
same approaches need to be used for population health (69).

Figure 1
Examples of Factors Affecting Population Health from Around
the World
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