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Over the past century, truly remarkable changes have been observed in the health of older
persons throughout the world, and these changes have strongly impacted society. The growth
of the older population has resulted mostly from a general increase in the overall population
size but is also strongly influenced by major declines in leading causes of mortality. These
demographic transformations reverberate in society, increasing medical care and social needs,
which are expected to increase steeply in the years to come.1 Based on demographic and
epidemiologic perspectives, these changes were already detectable decades before and should
have prompted radical changes in the structure and function of our system of health and social
protection at that time. We come to this enormous challenge unprepared.

As more people live to advanced old age, these demographic changes imply much more than
just an increase in chronic morbidity. The same agerelated susceptibility that leads to the
occurrence of multiple chronic conditions in the same individual causes decrements in
functional abilities as well as social and psychologic problems that may have an impact on
many facets of their wellbeing and quality of life. Going beyond the demographic focus of
counting and projecting the number of older people in the population, epidemiology has made
additional contributions to our understanding of the health status and functional trajectory of
older individuals.2-6

Geriatric epidemiology approaches these challenges by studying the health, functional status,
and quality of life of representative populations of individuals, ideally throughout the entire
life span. The results of these population-based studies have often generated interventions
aimed at improving the life of millions of older individuals.

DEMOGRAPHICS
Population aging is taking place throughout the world (Fig. 1). In 1900 only 4.1% of the 76
million persons in the United States were aged 65 years and older, and among those in this age
group only 3.2% were aged 85 years and older. By 1950 more than 8% of the total population
was aged 65 years and older, and by 2000 this percentage had increased to 12.6% (Table 1).
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Change in the proportion of a population that is elderly depends on changes in the survival of
older persons and in the birthrate. Improved survival at older ages and a low birthrate have
resulted in European countries having the oldest populations in the world. Italy and Germany
are estimated to have the oldest populations in Europe and the second and third oldest in the
world at approximately 19% each. Europe will continue to have the oldest populations in the
world in the twenty-first century, with almost one in four Europeans projected to be aged 65
years or older by 2030.7

Populations have aged at different speeds in different countries, with less ability to adapt than
in countries that have aged more slowly. Better survival at all ages has had a major impact on
the size and age distribution of the older population, but its effect on the life of individuals is
modulated by parallel changes in health status (Fig. 2). The change observed in the shape of
survival curves, which has been termed rectangularization, shows that more and more
individuals survive to very old age, and all of them die in a very narrow time window. It has
been proposed that this “compression” is due the fact that, as human life approaches its absolute
biologic limits, improvements in health will contribute mostly to a reduction of morbidity but
very little to further increases in life expectancy.8

It seems crucial to examine changes in life expectancy over the last century and life expectancy
at specific ages. Life expectancy at birth was only 47.3 years in 1900 and rose to 68.2 years
by 1950, affected to a large extent by improvements in infant and child mortality. Life
expectancy continued to rise through the second half of the twentieth century, driven mainly
by increases in survival in middle and old age.

The improvements in survival over the last century are relevant to the field of geriatric
medicine. The decline in mortality rates throughout life has resulted in a population with a
large proportion of individuals who survive to advanced old age. Interestingly, many of the
medical interventions used in these progressively older patients were originally tested in much
younger individuals; therefore, their effectiveness and safety are little understood. Although
there has always been a fascination with extreme longevity, the demographics of a very long
life have been formally studied only in recent years. Studying centenarians provides a
magnified view of the aging process and suggests that factors that affect a decline in health
status, disability, and mortality in individuals in their nineties are quite different from those
identified in younger individuals.9-12

Previous reports of longevity were often unsubstantiated, and pockets of the world where
claims were made for general high longevity usually turned out to be no different from other
parts of the world. Nevertheless, recent data from places such as Sardinia, Italy, have identified
areas of increased longevity that have been meticulously validated.13-16 There is currently no
solid evidence explaining why centenarians are concentrated in these geographic areas.
Although family and twin studies suggest a strong genetic predisposition to extreme longevity
and candidate genes have been described, the full mechanism is not understood. The secret is
probably a lucky combination of favorable genetic background and environmental factors that
exert their influence in critical periods over the life span. In fact, many centenarians report that
they were completely independent in self-care activities of daily living and free of disabling
conditions up to their late nineties. In addition, a sizable proportion of centenarian “escapers”
are totally independent and free of major medical conditions.17-24

MORTALITY
The increasingly greater life expectancy of the population has been driven in part by reduced
mortality at older ages (Table 2).8 As is true in younger individuals, heart disease is by far the
most common cause of death, followed by cancer. The five leading causes of death—heart
disease, cancer, stroke, chronic lower respiratory tract disease, and Alzheimer’s disease—
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account for 69.5% of all deaths. Alzheimer’s disease, only recently included on the list of
leading causes of death, was the seventh leading cause of death in older persons in 2000 and
in 2003 rose to the fifth leading cause of death. This ranking is still likely a gross
underestimation, and the contribution of Alzheimer’s disease in the future will probably grow
substantially.

Age-specific mortality rates for selected leading causes of death are depicted in Table 2. On
this logarithmic scale a straight-line increase indicates an exponential increase in mortality rate
with age. An exponential increase is present for all causes of death, and parallel increases are
seen for heart disease, cerebrovascular disease, pneumonia, and influenza. The exponential
rise with age for Alzheimer’s disease mortality is substantially steeper. The mortality rates for
cancer and lower respiratory tract disease do not maintain as steep a rise with increasing age,
perhaps because the people who contribute in large part to these categories are smokers who
die at younger ages and are less represented in the oldest segment of the population. Diabetes
mortality rates also do not show an exponential increase with advancing age, again because
diabetic patients may die disproportionately at younger ages.

The first half of the twentieth century saw large declines in infant and child mortality, whereas
in the second half of the century unprecedented declines in mortality occurred in the older
segment of the population. Mortality change over this time period is further explored in Table
3, which lists 1950 and 2004 death rates and the percentage changes in these rates for heart
disease, stroke, and cancer, diseases that account for 60% of deaths in older adults.25 The total
population and a subgroup of individuals aged more than 85 years showed a truly remarkable
decline in heart disease and stroke, reflecting major advances in prevention and treatment as
well as a secular trend that is not fully understood. Unfortunately, the mortality rate seen for
cancer does not have the same trend.

DISEASE STATUS
Although there is much useful information to be gained by observing the diseases responsible
for mortality, a full picture of disease status in the older population cannot be obtained by
looking only at diseases that cause death. Among people aged 65 years and older in the United
States, the most commonly reported condition is hypertension, followed by coronary heart
disease and stroke. Arthritis and chronic joint symptoms are reported by a large proportion of
older persons, and these conditions, like many on the list, have a large impact on overall health
and quality of life but do not appear on the list of the most common conditions causing death
(Table 4).26 Moreover, some differences occur in the prevalence rates of chronic conditions
according to race and ethnicity.26

An important aspect of disease status that distinguishes the older population from the younger
population is the high rate of co-occurrence of multiple chronic conditions, termed
comorbidity. The concept of comorbidity is useful in considering the burden of disease in older
people; however, the standardization of a definition for comorbidity depends on the number
of conditions being ascertained and the intensity of the diagnostic effort to identify prevalent
diseases. The longer the list of conditions and the harder one works to find prevalent diseases,
the greater the prevalence of comorbidity.

According to the National Hospital Discharge Survey, heart disease is by far the most important
cause of hospitalization, with congestive heart failure a slightly more common cause of
hospitalization than other manifestations of heart disease (Table 5).27 Other diseases that are
frequent causes of death in older adults (pneumonia, stroke, and cancer) are also common
reasons for hospitalization, but so are diseases not as strongly associated with mortality,
including fractures, osteoarthritis, chronic bronchitis, and psychosis. Of note, the presence of
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septicemia and volume depletion reflects the fact that a portion of the older population is frail
and at high risk for these types of illnesses.27

Cancer mortality rates do not always reflect the incidence rates of newly diagnosed cancers.
28-33 Data from the Surveillance, Epidemiology and End Results (SEER) survey of the
National Cancer Institute and other cancer registries show that the highest incidence rates in
men are seen for prostate, lung, colon and rectum, and bladder cancers and in women for breast,
colon and rectum, lung, and uterine cancers. The incidence of most of these cancers rises
steadily with increasing age, but several types, including prostate, breast, and lung cancers,
begin to drop in incidence at the oldest ages.34,35

Dementia is a condition of aging for which prevalence and incidence rates cannot be validly
obtained from either national survey data or registries. Because of the complexities of
diagnosing dementia, data on the occurrence of the condition must rely on well-designed
epidemiologic studies in local geographic areas. An even larger collection of studies on
dementia incidence from around the world supports an exponential increase in dementia with
age and demonstrates that rates tend to be lower in East Asia than in Europe and the United
States.4,36-44

DISABILITY
A large body of epidemiologic studies undertaken over the past 2 decades has led to a greater
understanding of the occurrence, determinants, and consequences of disability in the older
population and has provided insights into strategies for the prevention of disability.45-54
Measures of disability were originally developed for use in the clinical setting and were aimed
at quantifying the impact of severe medical conditions such as stroke on physical and mental
functioning, obtaining standard information on the rate and degree of recovery from these
conditions and assessing work ability and the need for formal and informal care. These
assessment tools were gradually applied in clinical research and population-based studies, and
almost all research studies in older populations now assess disability status.

Physical limitations include basic tasks such as standing, reaching, and grasping. These tasks
represent the building blocks of functioning but are not specific measures of disability.
Activities of daily living (ADLs) are basic self-care tasks. Instrumental ADL (IADLs) are tasks
that are physically and cognitively somewhat more complicated and difficult than self-care
tasks and are necessary for independent living in the community. ADLs and IADLs are
measures of disability and reflect how an individual’s limitations interact with the demands of
the environment.

Disability has been assessed with a wide variety of instruments, but even when instruments
contain the same items, they may differ in how they assess specific aspects of performing the
task or the severity of limitation in performing the task. There is no single best way to perform
a disability assessment, and there is no single instrument that is ideal. Moreover, the lack of
standardization that results from the use of multiple competing instruments makes it difficult
to compare rates of disability across studies.45-54

Epidemiologic studies have clearly identified disability status to be one of the most powerful
markers in predicting adverse outcomes. Disability measures are able to capture the impact of
the presence and severity of multiple pathologies, including physical, cognitive, and
psychologic conditions, as well as the potential synergistic effects of these conditions on overall
health status.45-61

Longitudinal studies in older populations have revealed the presence of multiple risk factors
for disability, as well as the dynamics of disability onset and progression (Box 1).55-61
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Interestingly, a substantial proportion of individuals who are disabled report improvement on
subsequent assessments. In effect, disability is a product of the disease or diseases from which
an individual suffers, a sedentary lifestyle or disuse, and physiologic declines that may be the
result of aging or pathologic processes that are not specific diseases but result from factors
such as inflammation or endocrine changes. As these predisposing conditions change, they
have an impact on the initiation of disability and on changes in the status of already established
disability.

Box 1
Risk factors for functional status decline

Behavioral risk factors and individual characteristics

Low physical activity

Smoking

High and low body mass index, weight loss

Heavy and no alcohol consumption

Increased age

Lower socioeconomic status (income, education)

High medication use

Poor self-rated health

Reduced social contacts

Chronic conditions

Cardiovascular disease

Hypertension

Coronary heart disease

Myocardial infarction

Angina pectoris

Congestive heart failure

Stroke

Intermittent claudication

Osteoarthritis

Hip fracture

Diabetes

Chronic obstructive pulmonary disease

Cancer

Visual impairment

Depression

Cognitive impairment
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Comorbidity

In understanding the dynamics of disability progression, it is useful to consider the pace at
which disability develops. The terms progressive disability and catastrophic disability have
been used, indicating a slow downhill course and a rapid decline, respectively. Progressive
disability results from one or more ongoing chronic conditions and causes disability over
months or years, whereas catastrophic disability can occur in moments as a result of a stroke
or hip fracture. The prevalence of both progressive and catastrophic severe ADL disability,
defined as needing help with three or more ADLs, increases with increasing age, although
progressive disability prevalence rises faster than catastrophic disability (Fig. 3). Among older
persons with severe ADL disability, the proportion who have catastrophic ADL disability is
much higher at younger ages, and the proportion who have progressive ADL disability is much
higher at older ages (see Fig. 3). A similar age pattern has been found for the onset of severe
mobility disability (inability to walk across a room); progressive disability is much more
common in people who have three or more chronic conditions.

The dynamics of disability can also be approached by studying the pathologic changes that
precede its onset. Most disability results from disease, and different theoretical pathways have
been proposed to describe the changes that occur as a person proceeds from disease to disability.
The theoretical pathway that has received substantial empirical support in aging research
postulates that two intermediate steps, impairment and functional limitation, follow disease
and lead to disability. Impairment describes the dysfunction and structural abnormalities in
specific body systems that result from pathology. Functional limitation describes restrictions
in basic physical and mental actions that result from impairments. Functional limitations are
the basic building blocks of functioning, and the interaction of these components of functioning
with the environmental demands faced by an individual determines whether that person is
disabled.62

Objective measures of physical performance have received increased attention as assessments
that can measure functioning in a standardized manner in research and clinical settings. These
measures can be used to represent impairments or actual disability, but most are indicators of
functional limitations.63 Objective performance measures also provide a means of comparing
functional status over time or across countries or cultures, whereas disability measures may
lose comparability because of environmental differences or differential access to assistive
devices.

Because disability status is a good way of representing overall health status in older persons
with complex patterns of disease, and because disability also has direct implications for the
long-term care needs of an older person, there has been much interest in evaluating disability
trends over time. The National Long-Term Care Survey performed similar assessments of ADL
and IADL disability from 1982 through 2005. The recent findings indicate that the decline in
disability observed for the first 12 years of the study continued and actually accelerated from
1994 through 2005.64

There is interplay among the time of disability onset, the duration of disability, and the time
of death that determines the number of years that older individuals live in the disability-free
state, termed active life expectancy, and the number of years spent in the disabled state. As
more data become available to estimate both active and disabled life expectancy, we will gain
more insight into the prospects for a compression of morbidity, which is the reduction in
disabled life expectancy that results from compressing chronic disease and disability into a
smaller number of years between diseases or disability onset and mortality.65
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SUMMARY
An important role for epidemiology is to elucidate risk factors for disease, injury, and disability,
and many risk factors have been shown to have a large impact in older persons. Although
certain risk factors that are potent predictors of major disease in middle age may have less or
no impact at old age, most behavioral risk factors continue to be important throughout old age.
Applying what has been learned in epidemiologic studies on older populations so that effective
prevention and treatment strategies will be available to older persons is a continuing challenge
for the field.
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Fig. 1.
Population aging throughout the world.
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Fig. 2.
Survival curves of aging population.
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Fig. 3.
Proportion of “catastrophic” and “progressive” disability stratified by age.
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Table 4
Most commonly reported chronic conditions per 100 persons aged >65 years in 2005

Condition Men Women

Hypertension 44.6 51.1

Arthritis diagnosis 40.4 51.4

Chronic joint symptoms 39.7 47.7

Coronary heart disease 24.3 16.5

Cancer (any type) 23.2 17.5

Vision impairment 14.9 18.7

Diabetes 16.9 14.7

Sinusitis 11.5 16.0

Ulcers 13.1 10.4

Hearing impairment 14.8 8.4

Stroke 8.9 8.2

Emphysema 6.3 4.1

Chronic bronchitis 4.5 6.3

Kidney disorders 4.1 3.9

Liver disease 1.4 1.4
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Table 5
The ten leading causes of hospitalization in persons aged 65 years and older, first listed diagnosis in the United States,
2004

Cause of
Hospitalization

Discharge
Rate Per 10,000

Population

Heart disease 767.9

 Acute myocardial infarction 126.6

 Coronary atherosclerosis 158.6

 Cardiac dysrhythmias 145.0

 Congestive heart failure 225.0

Pneumonia 220.4

Cerebrovascular disease 175.6

Malignant neoplasms 172.2

Fractures, all sites 147.0

 Fractures, neck of femur 79.6

Osteoarthrosis and allied
 disorders

117.7

Chronic bronchitis 88.9

Septicemia 78.5

Volume depletion 67.6

Psychoses 60.7
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