
3 5

2
CHRONIC DISEASE EPIDEMIOLOGY

Robert Redwood, MD, MPH, Patrick L. Remington, MD, MPH, and 
Ross C. Brownson, PhD

Introduction

As noted in Chapter 1, chronic diseases are distinguished from other health 

problems by their multiple and interrelated causes often rooted in early life 

and related to multiple health factors, including individual behaviors, health 

care, social and economic factors, and the environment. As public health 

advances have reduced the burden from infectious diseases, chronic diseases 

have become the leading causes of death and disability in the United States. In 

addition, many people are surviving with chronic diseases, as most are con-

trolled through health care or lifestyle interventions, rather than being cured 

or rapidly fatal.

The field of epidemiology has been invaluable in understanding the causes 

of chronic diseases and measuring the effects of interventions to prevent 

chronic diseases. Each of the chapters in this book, which describe chronic 

diseases, conditions, and risk factors, is organized to address these two basic 

questions:

1. What is the epidemiology of this problem? That is, what do we know 

about the burden of chronic diseases, their distribution in populations, 

and their causes? 

2. What can be done to control this problem in the population? That is, 

what are effective strategies to prevent, detect, and treat this problem in 

populations? 

The purpose of this chapter is to provide a brief overview of the methods that 

can be used to answer this first question, by summarizing the methods used to 

understand the epidemiology of chronic diseases, conditions, and risk factors. 



C H R O N I C  D I S E A S E  E P I D E M I O L O G Y ,  P R E V E N T I O N ,  A N D  C O N T R O L|3 6

Breast cancer and tobacco use will be used to illustrate the various methods 

used in chronic disease epidemiology and control. The next chapter (Chapter 3, 

Chronic Disease Surveillance) provides additional information about how pub-

lic health surveillance can be used to measure and monitor chronic diseases and 

their risk factors in populations. And the following two chapters describe what 

can be done to prevent or control chronic diseases in communities (Chapter 4, 

Community-Based Interventions) and health care systems (Chapter 5, The Role 

of Health Care Systems in Chronic Disease Prevention and Control). 

Definition of Epidemiology 

Epidemiology is considered the “science of public health.” The word comes 

from the Greek terms epi (upon), demos (people), and logos (study); thus, it is 

literally the study upon people. Traditionally, epidemiology was defined as the 

“study of the distribution and determinants of disease in populations.” Over 

time, this definition broadened to include the study of other health states, such 

as injury, disability, risk factors, and health-related quality of life.

More than 40 years ago, William Foege coined the term “consequential epi-

demiology” to further broaden the definition of the term to include the use 

of epidemiology in disease control (Koplan and Thacker 2001). He stated that 

“the reason for collecting, analyzing, and disseminating information on a dis-

ease is to control that disease. Collection and analysis should not be allowed to 

consume resources if action does not follow” (Foege et al. 1976).

The Centers for Disease Control and Prevention (CDC) currently defines epi-

demiology as “the study of the distribution and determinants of health-related 

states or events in specified populations, and the application of this study to the 

control of health problems.” The key words include the following (CDC 2016): 

• Study: Epidemiology is a quantitative discipline based on principles of 

statistics and research methods.

• Distribution: Epidemiologists study the distribution of health events 

within groups in a population, characterizing health events in terms of 

person, place, and time. This type of epidemiology is referred to as 

“descriptive epidemiology.”

• Determinants: Epidemiologists also search for determinants (i.e., causes 

or factors) that are associated with increased risk or probability of 

disease. This type of epidemiology, where we move from questions of 
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who, what, where, and when and start trying to answer how and why, is 

referred to as “analytical epidemiology.”

• Health-related states: Whereas infectious diseases were clearly the 

focus of much of the early epidemiological work, the field is no longer 

limited in this way. Epidemiology as it is practiced today is applied to 

the whole spectrum of health-related events, which includes chronic 

diseases, conditions, and risk factors. Although not addressed in this 

chapter, some forward-thinking epidemiologists are further expand-

ing the concept of health-related states, applying epidemiologic meth-

ods to broader social ills (e.g., drug addiction, firearm violence, 

homelessness).

• Populations: One of the most important distinguishing characteristics 

of epidemiology is that it deals with groups of people rather than with 

individual patients.

• Control: Finally, although epidemiology can be used simply as an ana-

lytical tool for studying diseases and their determinants, it can also play 

a more active role. Epidemiological data and methods steer public health 

decision-making and aid in developing and evaluating interventions to 

control and prevent health problems. This is the primary function of 

applied, field, or consequential epidemiology.

Brownson and Petitti (2006) defined “applied epidemiology” according to the 

intended purpose. In their view, the field can be defined on the basis of five 

core purposes: (1) the synthesis of the results of etiologic studies as input 

to practice-oriented policies; (2) the description of disease and risk factor 

patterns as information to set priorities; (3) the evaluation of public health 

programs, laws, and policies; (4) the measurement of the patterns and out-

comes of health care; and (5) the communication of epidemiological findings 

effectively to health professionals and the public.

The Chronic Disease Continuum

For diseases of known infectious origin, such as AIDS, measles, and influenza, 

the presence of a single, known, necessary cause (e.g., the microorganism) 

helps to focus epidemiological research and intervention strategies. For inju-

ries, the cause is often acute and leads to immediate health consequences, such 

as drinking and driving or a child drowning.
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In contrast, the wide variety of chronic diseases lacks such unifying 

causal agents and often develops over the life course. Research has demon-

strated that many chronic diseases have their origins early in the life course 

(Felitti et al. 1998). These early life experiences and exposures to social 

and economic factors increase the risk of unhealthy behaviors later in life. 

Unhealthy behaviors eventually lead to conditions such as hypertension, 

obesity, or high blood cholesterol. Finally, individuals with these conditions 

are at increased risk for developing chronic diseases, such as heart disease, 

cancer, or diabetes.

This model of a chronic disease continuum is shown in Figure 2-1 and 

has been used to organize this text, with different parts for chronic disease 

risk factors, chronic disease conditions, and chronic diseases. The chronic 

disease continuum also requires special methods for chronic disease epide-

miology and control. Because the causal process is prolonged and typically 

complex, many modest inf luences, rather than a single predominant cause, 

contribute to the probability of developing disease. The prolonged dura-

tion of these diseases, which often includes a presymptomatic phase and 

subsequent development of chronic disease conditions, provides numer-

ous overlapping opportunities for intervention. For most chronic diseases, 

the large number of modest risk factors and the diverse opportunities for 

Figure 2-1. Methods Used in Chronic Disease Epidemiology, Prevention, and Control, Applied 
along the Chronic Disease Continuum
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     that work along the continuum from primary to tertiary prevention
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intervention make their control difficult and typically require a multifac-

eted approach.

Because disease is the end result of a continuum, it is sometimes difficult 

to determine whether “disease” is even present at all. For example, the large 

increase in mammography over the late 1980s and 1990s has led to a large 

increase in the incidence of a pathological lesion known as ductal carcinoma 

in situ (DCIS). Although DCIS is not invasive breast cancer and many women 

with DCIS will not develop invasive breast cancer, DCIS is often treated in the 

same way as invasive cancer—that is, by surgical excision. Many women with 

DCIS consider themselves to have “breast cancer.” Similarly, many men with 

“prostate cancer” actually have a pathological lesion that would never have 

progressed to clinical disease. In general, as our ability to detect earlier and 

earlier stages of the disease process improves, the point at which disease truly 

begins becomes increasingly unclear (Fryback et al. 2006).

Another important consideration for chronic disease is the meaning of 

“control” or what it is we are trying to prevent. Chronic disease often affects 

the quality of life long before it affects the duration of life, if it affects dura-

tion at all. People with diabetes, for example, do have higher mortality, but 

only many years after diagnosis. In the interim, however, they may experience 

blindness, kidney failure, painful feet ulcers, leg amputation, or premature 

heart disease, all as a direct result of having diabetes. “Controlling” diabetes 

implies not only prolonging life, but also, as importantly, improving the qual-

ity of life while one is living with diabetes. Both disease-specific and general 

measures of quality of life have been developed and validated (McDowell and 

Newell 2006), and these measures are being used increasingly to describe the 

course (“natural history”) of disease as well as the effect of various methods 

of control.

There is a need to pay careful attention to methodological principles in 

many areas of the study and control of chronic disease. The need for clarity 

of terminology and thought is enhanced by the advancements that have been 

made and the expansion of options for tackling chronic disease through public 

health measures. In this chapter, we provide some basic terms and concepts 

common in epidemiological literature on the etiology (i.e., causes), conse-

quences, and control of chronic diseases. We also describe how epidemiology 

has been used to better understand the factors that increase (or decrease) a 

person’s risk of progressing along the chronic disease continuum shown in 

Figure 2-1.
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Building on this continuum, each chapter in Parts II through IV of this text 

has the following sections:

1. Significance: The first section of each chapter provides an overview of 

the “significance” of the disease, condition, or risk factor in populations. 

This section measures the burden to public health by estimating the 

number of people affected, rates, and economic costs.

2. Pathophysiology: The second section of each chapter describes the biol-

ogy and pathophysiology of the disease, condition, or risk factor. This 

information is important to understand when one is interpreting epide-

miological information or designing interventions.

3. Descriptive epidemiology: The third section of each chapter provides an 

overview of the “distribution” of the disease, condition, or risk factor in pop-

ulations. This section uses “descriptive epidemiology” to identify high-risk 

groups (person), geographic variation (place), and secular trends (time).

4. Causes: The fourth section of each chapter provides an overview of 

the “causes” of the disease, condition, or risk factor in populations. 

This section uses “analytic epidemiology” to identify those factors that 

increase the risk of an individual developing a chronic disease, condi-

tion, or risk factor. Special techniques, described in the “Analytic Epide-

miology” section, are used to go beyond finding associations to finding 

factors that are causally related to the outcome of interest.

5. Evidence-based interventions: The final section of each chapter provides 

an overview of the interventions that may be used to prevent or control 

the chronic disease, condition, or risk factor. These methods go beyond 

the use of epidemiology to determine the causes to finding programs that 

affect the disease course, along the continuum from primary prevention 

to secondary and tertiary prevention. The final section of this chapter 

describes methods that can be used to move from descriptive and analytic 

epidemiological research to developing effective interventions. Interven-

tion methods are described in detail in Chapter 4.

The epidemiology of each chronic disease, condition, or risk factor is summa-

rized in a figure in each chapter of Parts II through IV, as shown in Figure 2-2. 

This figure shows the “upstream causes” on the left side, the “high-risk groups” 

in the middle, and the “downstream consequences” on the right side. The next 

sections will provide a brief overview of the methods used to measure the 
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burden, describe high-risk groups and trends in the population, and identify 

modifiable risk factors.

Descriptive Epidemiology

The first step in developing approaches to chronic disease control is to under-

stand the nature and extent of the problem. Echoing the Institute of Medicine’s 

(1988) landmark report on the future of public health, the director of the CDC 

(Frieden 2015) stressed the importance of epidemiology in carrying out public 

health assessment—one of the core functions of public health. Frieden and the 

Institute of Medicine report emphasize the governmental role in public health 

and affirm that every public health agency should regularly and systematically 

collect, analyze, interpret, and disseminate information on the health of the 

community, including statistics on health status, community health needs, 

and epidemiological and other studies of health problems.

The type of epidemiological studies used to support this assessment func-

tion varies, depending on the nature of the public health program. Descriptive 

epidemiology makes use of available data to examine the distribution of dis-

eases in populations by time, person, or place. This type of information can 

be used to assess the burden of disease, identify high-risk groups, or monitor 

trends over time. The public and health policymakers frequently underesti-

mate the health and economic burden from chronic diseases. Research has 

demonstrated that the public is more concerned about diseases and exposures 

that are unknown or out of one’s individual control. For example, although 

social determinants of health (tobacco use, poor nutrition, and physical inac-

tivity) account for nearly two thirds of preventable deaths in the United States 

(Mokdad et al. 2004; Galea et al. 2011), the public often perceives much greater 

Figure 2-2. Tobacco Use: Causes, Consequences, and High-Risk Groups
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• Siblings/parents

Consequences
• Lung cancer
• Coronary heart disease
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Tobacco Use
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• Adolescents
• People with low incomes
• People with less education
• Racial and ethnic minorities
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risk from AIDS, homicide, and environmental pollution (Tinker and Vaughan 

2002; so-called involuntary risks). 

In the first section of each chapter of Parts II through IV, the authors 

describe the burden of the chronic disease, condition, or risk factor in the pop-

ulation and how it is distributed by “person, place, and time.” For example, in 

Chapter 16, the following questions are addressed for breast cancer:

1. Significance: What are the “downstream consequences” of this problem? 

This is addressed through measures of disease occurrence: incidence rate, 

cumulative incidence, and prevalence. Both incidence rate and cumula-

tive incidence indicate the risk of newly acquiring the disease, whereas 

prevalence is the number of people who have the disease at a point in time. 

Mortality rates are often used when incidence rates are unavailable.

2. High-risk populations: What groups have the highest risk? This question 

is addressed by comparing the risk or incidence of disease among people 

within the population who have some characteristic (e.g., older age) with 

those who do not have the characteristic. To do this, we use measures of 

association—rate ratio—and difference measures.

3. Geographic distribution: How does the burden of disease in one area 

compare with that in other areas? In calculating statistics that quantify 

the disease burden in one area versus other areas, consider the potential 

for distortion attributable to such factors as differing age, sex, and race in 

your population. To avoid distortion, you may need to divide measures 

of disease occurrence into categories to make them age-, sex-, or race-

specific or standardize (adjust) them to make the populations comparable.

4. Time trends: What are the trends in the disease over time? Monitoring 

trends over time can provide insight on the etiology of chronic diseases 

(e.g., increases in lung cancer followed increases in smoking), burden 

(e.g., increasing rates of obesity), and control (e.g., declines in breast 

cancer mortality). The methods used to answer these questions are 

described in more detail in the following sections.

Measuring the Burden of Disease

Several measures are used to quantify the magnitude of disease occurrence, 

each one valid for a slightly different purpose. The number or actual count of 

persons affected by a chronic disease, condition, or risk factor is often used as 
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the most fundamental measure of burden in the population. This measure is 

useful when one is assessing the need for health care or public health services 

as a direct measure of the burden on these systems. The actual burden of can-

cer is described in Chapter 16 (American Cancer Society 2015):

• Cancer is the leading cause of death among persons aged younger than 

85 years and the second leading cause of death overall in the United States.

• Cancer accounted for an estimated 1.5 million new cases and 560,000 

deaths in the United States in 2012.

• Breast cancer is the most common cancer type among women in the 

United States and the second leading cause of cancer death.

• The American Cancer Society expects 249,260 new cases of breast 

cancer and 40,890 breast cancer deaths in the United States in 2016.

• Worldwide, breast cancer is the second most common cancer and the 

fifth among cancer deaths.

• Breast cancer rarely occurs in men, with only 2,600 new cases and 

440 deaths expected in the United States in 2016. 

The actual number of people with a chronic disease or the number of deaths is 

an easy way to communicate burden to the general public and to policymakers. 

However, the absolute number of people affected is almost entirely dependent 

on the size of the population under consideration. Therefore, other measures 

must be used when one is making comparisons across populations and 

over time.

Calculating Rates in Populations

Rates must be calculated to compare populations of various sizes and charac-

teristics. The principal rates used in chronic disease epidemiology are inci-

dence and prevalence. Measures such as rate ratios and rate differences are 

then used to compare these different measures of risk across populations.

Incidence (or incidence rate) refers to the number of new cases over a defined 

period divided by the “person-time experience of the population”—that is, the 

number of persons multiplied by the period over which they were monitored; 

this is often called “person-years.” However, in practice, the incidence rate is 

typically used to describe the number of new cases that develops in a year in 

a specified population. For example, if 500 women develop breast cancer in a 
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year in a population of 342,000 women, the incidence rate would be 146 cases 

of breast cancer per 100,000 population of women. For many chronic diseases, 

such as coronary heart disease and diabetes, mortality rates are calculated 

because incidence data are unavailable.

Cumulative incidence is defined as the probability or risk of developing a 

disease over a defined period. It ranges from 0 to 1 and indicates the prob-

ability that the disease will develop in a population that is monitored over a 

set period. For example, according to a 2012 report from the National Cancer 

Institute (Howlader et al. 2012), a woman’s lifetime risk of developing breast 

cancer is 0.127, or about 1 in 8. Thus, we can estimate that a girl born today 

has a 12.7% chance of eventually being diagnosed with breast cancer, although 

such estimates ignore any competing causes of mortality and are based on the 

somewhat unrealistic assumption that the present incidence rates will persist 

over time.

Prevalence also is measured as a proportion—that is, existing cases of dis-

ease divided by total population—but the occurrence of disease is measured at 

a point in time rather than over some interval. At the time of a disease survey, 

prevalence is defined as the number of existing cases divided by the popula-

tion count. The prevalence of disease is influenced by the incidence (more new 

cases yield more existent cases) and persistence of the disease (rapid recovery 

or rapid death reduces the number of affected individuals at any point in time). 

For breast cancer, for example, the prevalence greatly exceeds the annual inci-

dence because most women diagnosed with breast cancer survive for at least 

five years.

Because it is influenced by survival and recovery, prevalence is less valuable 

than incidence for identifying etiologic factors. For assessing public health 

needs, however, prevalence may be exactly the measure of interest. For exam-

ple, women diagnosed with breast cancer are at a higher risk of a second breast 

cancer. Therefore, a prevalence estimate of the number of breast cancer survi-

vors in a given area may be useful in targeting limited public health resources 

to women in high-risk groups.

Comparing Rates across Populations

Many local, state, and federal health agencies now calculate incidence rates 

for various conditions. Likewise, mortality rates (which can be viewed as inci-

dence rates of death) are also published, often for such geographic areas as 
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counties or cities. Public health officials have a natural interest in comparing 

incidence or mortality rates from other areas with their own to determine 

which areas have a greater problem.

Once rates have been calculated for various populations or population sub-

groups, these rates can be compared by using rate ratios or relative risks. For 

example, data from the Surveillance, Epidemiology, and End Results (SEER) 

program of the National Cancer Institute provide breast cancer incidence 

rates for men and women. We will use a hypothetical example that approxi-

mates actual SEER data, in which the age-adjusted incidence rate for women 

is 120 per 100,000 person-years and the comparable incidence rate for men is 

1.2 cases per 100,000 person-years. Having determined the incidence rate in 

each of the two groups we wish to compare, our next challenge is to determine 

how that comparison should be summarized.

The ratio of the incidence rate in one group to that in another is referred 

to as a rate ratio. Likewise, the ratio of the cumulative incidence or risk in two 

groups is termed the “risk ratio” or “relative risk.” Considering the incidence 

rate in men as the reference, we can calculate the rate ratio for women com-

pared with men as 120 divided by 1.2 equals 100. Thus, we can say that women 

have an incidence rate 100 times that of men: breast cancer is predominantly a 

disease of women, although it does occur infrequently in men.

One advantage of such ratio measures is the ease of intuitive understanding 

(i.e., disease occurrence is increased about 100-fold among the women). Also, 

this ratio is independent of the absolute incidence rates in the two groups and, 

therefore, is directly interpretable: there is a strong association between gender 

and breast cancer.

Other risk factors besides gender can be discussed in similar terms. For 

example, research has demonstrated that the risk of breast cancer increases 

as the age of first birth increases. The five-year risk of breast cancer among 

women who have their first child before the age of 20 years is 0.7%, compared 

with a risk of 1.3% for women who have their first child after the age of 30 years 

(Table 2-1). In this instance, the relative risk for developing breast cancer in the 

next five years is 1.86 times (1.3/0.7 = 1.86).

An alternative to the ratio measure is the rate difference, calculated by 

subtracting the rates from one another. For example, the rate difference 

between women who have their first child after the age of 30 years, com-

pared with women who have their first child before the age of 20 years, is 

calculated as follows: 1.3% minus 0.7% equals 0.6%, or 0.6 more cases per 
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100 women (or six cases per 1,000 women) over the next five years. This dif-

ference indicates how much, in absolute rather than relative terms, the risk 

differs depending on childbearing histories. The advantage of this measure 

is that the actual amount by which the disease has increased in one group 

as opposed to another has public health importance beyond the ratio of the 

two rates.

A doubling or even tripling of rate of a disease (e.g., the incidence or mor-

tality rate) may not indicate an important public health problem if the baseline 

rate is extremely low. That is, the increment in disease burden from doubling 

a very small number would be very small. The difference in incidence rates, 

however, provides direct information about the public health effects of a par-

ticular exposure. A large difference indicates an important problem, regard-

less of the size of the baseline rate.

The difference between rate ratios and rate differences is shown in Table 2-2. 

If one compares smokers with nonsmokers, the relative risk is much greater for 

developing lung cancer than for coronary heart disease. However, the rate dif-

ference for heart disease (the rate in smokers minus the rate in nonsmokers) is 

actually greater than the rate difference for lung cancer because the baseline 

mortality rate of heart disease is so much greater than that for lung cancer. 

The public health impact attributable to increasing heart disease risk twofold 

is similar to the impact of increasing lung cancer risk tenfold. Both ratio and 

difference measures contribute to our understanding of the effect of an expo-

sure on disease occurrence, and both measures should be examined when the 

data permit.

Table 2-1. Five-Year Breast Cancer Risk, Rate Ratios, and Rate 
Differences for Women Based on Age of First Pregnancy

Age at First Birth Rate, %a Rate Ratio Rate Difference

< 20 0.7 Reference group Reference group
20–24 0.9 0.9/0.7 = 1.29 0.9 − 0.7 = 0.2%
25–29 1.1 1.1/0.7 = 1.57 1.1 − 0.7 = 0.4%
30+ 1.3 1.3/0.7 = 1.86 1.3 − 0.7 = 0.6%
No births 1.1 1.1/0.7 = 1.57 1.1 − 0.7 = 0.4%

Source: NCI (2016b).
Note: Based on women aged 50 years with no family or personal history of breast 
cancer and age at menarche of 12 to 13 years.
aRate = percentage who will develop breast cancer in the next 5 years.
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Finally, rates can be used to identify subgroups at need for program tar-

geting. For example, identifying factors associated with compliance with can-

cer screening (Boehm et al. 2013; Shelby et al. 2012) helps program planners 

and managers to select subpopulations at greater risk for negative outcomes. 

Also, identifying these associations simultaneously with that of health-related 

behaviors (Liang et al. 2006; Coughlin et al. 2007; Ward et al. 2014) and other 

screening practices provides managers with practical information on whom 

and how to offer joint interventions.

Controlling for Differences in Age When Comparing 
Populations

Perhaps the most important issue to consider when one is comparing rates 

across populations is the potential that the two populations differ in average 

age. The risk of most chronic diseases increases dramatically with increasing 

age. For example, a retirement community may have a higher rate of breast 

cancer because they have a greater proportion of older women. Thus, this 

higher rate might not be attributable to some risk factors (e.g., genetics, child-

bearing practices). How then could we compare the rates in one area with 

those in another area, accounting for the differing ages, to determine whether 

some other factors are influencing the rate of breast cancer?

Two approaches are possible. First, age-specific rates can be calculated. 

That is, incidence rates may be given only for people in a specific age range. 

If the incidence rate of breast cancer for women aged 50 through 59 years is 

much greater in one area than in another, the difference could not have been 

caused by differences in age distributions between the two groups. A drawback 

with such calculations is that the problem of precision may be worsened: fewer 

Table 2-2. Smoking-Related Rate Ratio and Rate Difference Estimates for Coronary Heart 
Disease and Lung Cancer among Women

Mortality Rate

Disease Smokers (a)
Nonsmokers 
(b)

Rate Ratio 
(a/b)

Rate Difference 
(a − b)

Lung cancer 131 11 11.9 120
Coronary heart disease 275 153 1.8 122

Source: Adapted from Thun et al. (1997).
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cases are diagnosed (therefore, the numerator for the incidence rate is smaller) 

in a narrow age range than in the entire population. Such age-specific calcu-

lations typically require cases diagnosed over longer periods or from larger 

populations.

A second way to ease comparison of incidence rates is to adjust the rate to 

a standard population. This, in effect, combines many age-specific rates into 

a single age-adjusted rate. For example, the breast cancer incidence rate given 

in the previous example (110 cases per 100,000 women) is age-adjusted to the 

1970 U.S. standard population. This means that statistical adjustments were 

made to the initial calculations to provide the rate that would be expected in 

the area’s population if it had the same age distribution as did the U.S. popula-

tion in 1970. Rates adjusted to the same standard population can be compared 

directly.

Small Area Analyses

Once differences in the ages of populations have been taken into account 

(either by comparing age-specific rates or through age adjustment), the prob-

lem of precision must be addressed by considering the statistical precision of 

the incidence or mortality rate. When rates are calculated for small areas such 

as a county, the numerator of the rate will usually be small. When a numerator 

is smaller than 20, rates are “unstable” and may vary by chance alone. If only a 

few cases are detected a year early or a year late, the incidence rate calculated 

for a particular year may appear much higher or much lower than it is on aver-

age over a longer period.

For example, if the incidence rate for breast cancer is 110 new cases per 

100,000 women, a county with 25,000 women would be expected to have about 

27 new cases each year (27/25,000 = 110 cases per 100,000). If only four cases 

were diagnosed too late to be counted for a particular year, the rate would 

decrease to 23 cases that year (23/25,000 = 92 cases/100,000), yielding an inci-

dence rate ratio of 92 divided by 110 or 0.84. If only six cases from the next year 

were diagnosed a bit early, the rate would appear to increase dramatically to 

33 cases per year (33/25,000 = 132 cases/100,000 women), for an incidence rate 

ratio of 1.20 and an apparent 20% increase in breast cancer incidence.

Thus, rates calculated from cases diagnosed in a single year from an area 

with a small population are subject to a large amount of variation from year 

to year and are said to be imprecise. For this reason, one should calculate rates 
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from cases diagnosed over several years to increase the number of cases in 

the numerator of the incidence rate, thereby increasing the precision of the 

calculated rate.

The use of these methods can be seen in the maps of breast cancer mortal-

ity for white women and lung cancer mortality for white men for the United 

States (produced by the authors; NCI 2016a). These maps (Figures 2-3 and 2-4) 

compare the breast cancer mortality rates for white women and lung cancer 

mortality for white men for 1995 to 2004. First, notice that rates are presented 

by grouping counties into “state economic areas” and that many years of data 

were combined to produce more reliable rates. In addition, these rates are 

age-adjusted (to the 1970 U.S. population) to account for differences in the ages 

of the populations, not only among counties but also over time.

These maps provide insight into the epidemiology of breast and lung can-

cer. First, the mortality rates for breast cancer are higher in the northeastern 

United States. Research has shown that differences in cancer incidence and 

survival explain some, but not all, of these geographic differences (Kohler 

et al. 2015). Considerable interest remains in the possibility that environmental 

exposures contribute to these differences (Reynolds et al. 2005). In contrast, 

the reasons for the higher rates of lung cancer mortality among white men 

are almost entirely due to higher rates of smoking among men living in the 

southeastern United States.

Analytic Epidemiology

The second major function for epidemiology in chronic disease prevention 

and control is to understand the “determinants” (i.e., causes) of chronic dis-

eases—with a focus on those determinants that can be modified. In the second 

section of each of the chapters in Parts II through IV, authors describe the 

modifiable factors for each of the major chronic diseases, conditions, and, 

when possible, chronic disease risk factors.

One of the most important and challenging roles for epidemiology is to 

differentiate between factors that are simply associated with chronic diseases 

and those factors that actually cause those chronic diseases. Criteria have been 

established to help epidemiologists determine which associations are truly 

causal and which are not, such as the Bradford Hill criteria (Hill 1965). Exper-

imental evidence provides the strongest evidence for a causal association, but 

it is most useful in examining the effects of drugs and clinical interventions, 
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rather than the complex associations between environmental, social, or lifestyle 

factors and chronic diseases. Ultimately, subjective judgments must be made.

Epidemiology can not only be used to identify modifiable risk factors for 

chronic diseases, but it can also be used to estimate the morbidity and mor-

tality that might be prevented by interventions. Although interventions such 

as education and screening programs often seem valuable, many have little 

Source: Maps were calculated on the Cancer Mortality Maps website (NCI 2016a).
Note: Rates are age-adjusted to the 1970 U.S. population.

Figure 2-3. Breast Cancer Mortality Rates for White Women by State Economic Area, United 
States, 1995–2004

Rates per 100,000 person–years,
1995–2004

23.35–28.79 (50; 9.8%)

22.53–23.35 (50; 9.8%)

21.95–22.53 (51; 10.0%)

21.48–21.95 (51; 10.0%)

20.94–21.48 (51; 10.0%)

20.42–20.94 (51; 10.0%)

20.04–20.42 (51; 10.0%)

19.52–20.04 (51; 10.0%)

18.76–19.52 (51; 10.0%)

15.01–18.76 (51; 10.0%)

Sparse data (0)
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effect on the number of people with the disease. Therefore, we need to eval-

uate the effects of intervention programs and use those results to design new 

and better programs for controlling chronic diseases. Even when there are 

strong theoretical reasons to expect benefit, a determination is needed that 

the intervention reduces mortality or improves quality of life when applied in 

a real setting. Every intervention, even those that reduce the burden of disease, 

Source: Maps were calculated on the Cancer Mortality Maps website (NCI 2016a).
Note: Rates are age-adjusted to the 1970 U.S. population. 

Figure 2-4. Lung Cancer Mortality Rates for White Men by State Economic Areas, United States, 
1995–2004

Rates per 100,000 person–years,
1995–2004

85.98–119.29 (50; 9.8%)

80.02–85.98 (50; 9.8%)

73.79–80.02 (51; 10.0%)

68.70–73.79 (51; 10.0%)

65.46–68.70 (51; 10.0%)

61.38–65.46 (51; 10.0%)

58.18–61.38 (51; 10.0%)

53.93–58.18 (51; 10.0%)

48.35–53.93 (51; 10.0%)

21.29–48.35 (51; 10.0%)

Sparse data (0)
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has a “downside,” both through undesired consequences and by consuming 

resources. Calculating the proportion of a disease that is attributable to a par-

ticular risk factor may help to quantify the effect of its reduction or elimina-

tion (i.e., the population-attributable risk).

Study Designs in Chronic Disease Epidemiology

Experimental Studies

Randomized controlled trials (RCTs) are considered the most scientifically 

rigorous type of epidemiological study. In an RCT, participants are randomly 

assigned to either receive or not receive a preventive or therapeutic procedure, 

such as a clinical smoking cessation intervention or a new drug. The disease 

course or mortality patterns are then observed over time to assess the effec-

tiveness of the preventive or therapeutic procedure.

The advantage of using a clinical trial, when possible, was best demon-

strated by an RCT of the health effects of estrogen replacement therapy among 

women, called the Women’s Health Initiative. This study was halted in 2002, 

when, contrary to its original hypothesis, the estrogen replacement therapy 

actually increased risk of breast cancer and heart disease (Writing Group for 

the Women’s Health Initiative Investigators 2002). These results were defin-

itive and conflicted with results that had been obtained from observational 

research decades before.

In practice, however, RCTs are either impossible or impractical when 

one is studying many interventions, especially those based outside clinical 

settings and in the community focusing on policy change. For example, it 

may be impractical to design a study to examine the effects of a community-

wide educational intervention encouraging women to get a mammogram. 

In these situations, interventions can be tested in “quasi-experimental 

studies,” in which a program (e.g., education program, screening program, 

new treatment regimen) is systematically offered to a population and the 

effect on health is measured. One key objective of such a study is to draw 

specific conclusions about the intervention. If the health of the popula-

tion receiving the intervention improves, the investigators must demon-

strate that a similar population that did not receive the intervention did not 

improve, at least to the same extent. This implies that to clearly interpret 

the results, such studies require comparison groups, which, unfortunately, 

are often lacking.
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Comparison groups vary in their appropriateness for disease intervention 

studies. Least convincing are comparisons with national data or populations 

in other studies. Previous data on the same population are most appropriate if 

the disease can be shown to have been stable for a long period and if there are 

no other reasons for a change in disease incidence. The best control groups are 

those that can be shown to be similar to the intervention population and from 

which disease information is collected concurrently.

Despite certain limitations, quasi-experimental studies have shown that low-

cost interventions can significantly improve the population’s health. In one such 

study, low-cost community-based information campaigns were conducted in 

four low-income rural counties to encourage women to get routine breast and 

cervical cancer screening examinations. The rates of screening from baseline 

to follow-up were significantly higher among women living in these counties, 

compared with the trends among women living in four similar rural counties in 

Wisconsin (Eaker et al. 2001; Jaros et al. 2001). The strengths and limitations of 

the different types of experimental studies are summarized in Table 2-3.

Observational Studies

Randomized controlled trials or quasi-experimental interventions are either 

impossible or impractical when one is studying many of the causes of chronic 

diseases in the population. In some cases, it would be unethical or impossible to 

randomly assign the exposure (e.g., asbestos exposure, cigarette smoking, 

hypertension). In other cases, it is impractical to design a study to examine the 

effects of a randomly assigned exposure (e.g., effects of exercise during adoles-

cence on the risk of postmenopausal breast cancer). In these instances, investi-

gators must use observational methods. In observational studies, in contrast to 

RCTs (which are considered experimental studies), the risk factor or disease 

process is allowed to take its course without intervention from the researcher.

The observational study that is closest to an experiment is the prospec-

tive cohort design. In this approach, exposed and unexposed participants 

are identified and then observed over time for the development of disease. 

Unlike a true experiment, however, the exposures are observed rather than 

randomly assigned. Exposures are implicitly “assigned” on the basis of 

physician recommendations (e.g., x-ray use), genetic heritage (e.g., family 

history of breast cancer), or individual behavior (e.g., dietary fat intake). 

Having obtained measures of disease occurrence (incidence rates or cumu-

lative incidence) for both exposed and unexposed groups, the influence of 



C H R O N I C  D I S E A S E  E P I D E M I O L O G Y ,  P R E V E N T I O N ,  A N D  C O N T R O L|5 4

Table 2-3. Summary of Strengths and Limitations of Various Study Designs

Study Type Strengths Limitations

Experimental studies
Randomized 
clinical trial

Controls for bias by random 
assignment

High cost
Not practical for many exposures 
(e.g., lifestyle, environmental, 
social/economic)

Not practical for long latency periods
Randomized 
community trial

Can examine population-wide 
exposures

Multicomponent interventions 
may be more effective 

Very high cost
Often involves small number of study 
groups 

Quasi-experimental 
studies

Can be used to study real-
world program and policy 
interventions

Can use multiple comparison 
groups, repeated baseline 
measures to strengthen design 

Potential for bias in comparison 
groups

Lack of control of confounding 
factors

Observational studies
Prospective 
cohort

Opportunity to measure risk 
factors before disease occurs 

Can study multiple disease 
outcomes 

Can yield incidence rates as 
well as relative risk estimates

Often expensive
Requires large number of 
participants

Requires long follow-up period

Case–control Useful for rare diseases
Relatively inexpensive
Relatively quick results

Possible bias in measuring risk 
factors after disease has occurred 

Possible bias in selecting control 
group 

Identified cases may not represent 
all cases

exposure can be quantified as either the ratio of exposed to unexposed (the 

relative risk) or the difference between exposed and unexposed (the rate dif-

ference), as discussed earlier.

The primary advantage of a true prospective study over other observational 

designs is the opportunity to actively and intensively measure the exposures 

of interest before the period of disease induction. For example, instead of 

having participants recall dietary fat intake over many years, intake could be 

calculated more accurately if periodic direct measurements were made. For 

rare diseases and those with a prolonged period between exposure and the 
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manifestation of adverse effects (typical of chronic diseases), however, true 

prospective studies must be extremely large and prolonged and, therefore, are 

very expensive.

One way to overcome these problems is to study exposures that occurred in 

the past and to monitor disease either up to the present or into the future. The 

ability to conduct these historical (or retrospective) cohort studies depends on 

the availability of exposure records that can be linked to disease outcomes. 

For example, in a study of the effect of chest x-ray and the subsequent rate of 

breast cancer occurrence, Andrieu et al. (2006) were able to identify a roster 

of exposed and unexposed participants from an earlier study of women with a 

gene that increases the risk of breast cancer (BRCA1 and BRCA2). This study 

demonstrated that women who had a chest x-ray were 1.5 times more likely 

to develop breast cancer compared with women who had not had a previous 

chest x-ray.

A case–control study is another type of observational study that can be 

used to investigate the causes of chronic diseases. Case–control studies study 

participants on the basis of their health outcomes (e.g., disease); this design 

intentionally oversamples persons who have developed the disease of interest. 

In case–control studies, researchers identify a sample of people with the dis-

ease, or case patients (often, all available case patients), and a sample of people 

without the disease, or control participants, from the same population that 

yielded the case patients.

The historical exposures that may have influenced disease risk are ascer-

tained for all participants, and the frequency of exposure among case patients 

is compared with that among control participants. Such studies cannot yield 

incidence rates or cumulative incidence because the population at risk is not 

comprehensively defined; the control participants are typically a sample of 

that source population, but the sampling fraction is unknown. An estimate 

of the ratio of incidence rates or risks can be obtained, however, by calculating 

the ratio of the odds of exposure among cases (the number exposed divided by 

the number not exposed) to the odds of exposure among controls, referred to 

as the odds ratio. The odds ratio is intended to approximate the relative risk. 

No estimate of the risk difference can be obtained from a case–control study.

The obvious advantages of case–control studies are the relative speed with 

which they can be conducted, because the latent period is all in the past, and 

the small number of participants who have to be enrolled. In contrast to a 

cohort study, in which many participants who never develop the disease must 
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be monitored, a case–control study includes only a small but adequate frac-

tion of the nondiseased population. The principal weakness is the study’s 

vulnerability to some forms of bias that arise from the fact that the disease 

has usually occurred before risk factor information was ascertained. The 

strengths and limitations of prospective and case–control studies are sum-

marized in Table 2-3.

To evaluate the potential causes of breast cancer mortality, the National 

Cancer Institute has supported an ongoing case–control study of  breast cancer 

among residents of Wisconsin, Massachusetts, and New Hampshire since 

1988 (Sprague et al. 2015). These studies compare the exposures (e.g., physical 

activity patterns during adolescence, childbearing history) of women diag-

nosed with breast cancer (i.e., cases) with the exposure histories of women 

of the same age, who have not had breast cancer (i.e., controls). These studies 

have led to the identification of potentially modifiable risk factors for breast 

cancer, including a long menstrual history (early menarche and late meno-

pause), having no children or not having breastfed, previous chest irradiation, 

postmenopausal hormone therapy use, obesity (particularly postmenopausal), 

and moderate to heavy alcohol intake.

How Do We Measure Associations between Exposures 
and Outcomes?

The “relative risk” is the primary measure used to determine whether there is 

an association between an exposure (e.g., cigarette smoking) and a health out-

come (e.g., lung cancer). As described previously, the ratio of the risk in two 

groups is termed the “relative risk.” Associations can be assessed anywhere 

along the continuum shown in Figure 2-1. For example, the risk of lung cancer 

mortality among smokers is 131 deaths per 100,000 persons who smoke, com-

pared with only 11 deaths per 100,000 persons who do not smoke—yielding a 

relative risk of 11.9.

Similarly, studies have shown that the risk of becoming a smoker is higher 

among children who view smoking in the movies versus children who do not 

view smoking in the movies (Charlesworth and Glantz 2005). For example, if 

34% of children who view smoking become smokers, compared with only 20% 

of children who do not view smoking in the movies, the relative risk of smok-

ing would be 34% divided by 20% equals 1.7. If this association is causal, one 

could say that children who view smoking in the movies are 1.7 times more 
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likely to become smokers, compared with children who do not view smoking 

in the movies.

How Do We Evaluate Whether the Study Results Are Valid?

Despite the increasing sophistication of research studies, uncertainty continues 

to exist in our understanding of the causes and consequences of chronic diseases. 

As most chronic disease epidemiology studies use observational methods, it is 

possible that errors in measurement or in selection of study participants lead to 

spurious results. For example, there may be uncertainty in epidemiological stud-

ies about a measure of association, such as relative risk. If we obtain an odds ratio 

or relative risk of 2.0, are we fully confident that becoming exposed will truly 

double the risk of disease or that removing exposure will cut the risk in half?

Considerable expertise is needed to address uncertainty in research and 

to determine the quality of a research study. Riegelman uses an organiz-

ing framework to evaluate whether results from a research study are valid 

(Riegelman 2013). Two of the most important factors to consider include 

“confounding” and “bias.”

Confounding

One reason for uncertainty is the possibility for confounding, in which the 

influence of an exposure of interest is mixed with the effect of another. This 

arises when a risk factor for the disease of interest is also associated with the 

exposure of interest. For example, people who drink alcohol are also more 

likely to drink coffee. When a study is conducted to examine alcohol use and 

breast cancer, the possible confounding role of coffee and caffeine must be 

taken into consideration. The estimated effect of alcohol on breast cancer will 

be confounded by caffeine intake if (1) caffeine and alcohol use are correlated 

and (2) caffeine use independently influences the risk of breast cancer.

In an experiment or RCT, these potential confounders can be balanced 

among the study groups through the design of the study and the random man-

ner in which the exposure is assigned. Conversely, in an observational study, 

potential confounders must be measured and adjusted statistically. The strat-

egy involves creating groups that are similar with respect to the potential con-

founder and examining the impact of the exposure of interest within each of 

those groups. For example, we could measure caffeine consumption and create 
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strata of nonconsumers, low caffeine consumers, and high caffeine consumers 

and assess the role of alcohol use on breast cancer within each of those strata. As 

long as the potential confounder can be measured, the adjustments will be effec-

tive; however, some potential confounders, such as psychological stress, health 

consciousness, or dietary intake, may be difficult to measure, or we simply 

may be unaware of the risk factors that should be considered for adjustment.

Selection and Information Bias

A different source error comes from bias regarding how the participants enter 

the study or how information is collected from study participants. A faulty 

sampling mechanism, caused by such problems as nonresponse or refusal to 

participate, could produce a sample that has a higher or lower disease risk. 

Note that the only kind of sampling distortion that matters is the selection that 

influences disease risk. Similarly, in a case–control study, the selected case 

patients should reflect the exposure distribution of all case patients of interest, 

and the selected control participants should reflect exposure in the overall 

population that produced the cases. The potential for a poorly constituted con-

trol group is a major threat to the validity of case–control studies. For example, 

when we choose control participants from a hospital, health problems that led 

to their hospitalization may be associated with the exposure of interest. Simi-

larly, when we choose control participants by telephone screening, omitting 

households without telephones could introduce a bias.

Another category of bias that can occur in epidemiological studies is the 

result of errors in classification of exposure or disease; this is referred to as 

information bias. Although efforts should be made to minimize such bias, 

errors in classification of exposure are unavoidable. Past exposures such as 

dietary intake, alcohol use, or physical activity are impossible to measure per-

fectly, even if we know what aspect of such exposures was the most relevant to 

disease causation. In many instances, the errors in exposure classification can 

be assumed to be similar for those who do and do not develop disease. This 

situation, referred to as nondifferential misclassification of exposure, results 

in a predictable bias in which the measure of association (such as odds ratio or 

relative risk) will be biased toward the null value of no association (1.0 for ratio 

measures, 0 for difference measures). This means that virtually all reported 

associations between exposure and disease will be diluted to some degree or 

missed entirely.
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When the patterns of misclassification are different for the study groups, 

this is referred to as differential misclassification. This can occur when expo-

sure is classified differently for diseased and nondiseased participants or when 

disease is classified differently for exposed and unexposed participants. Now 

the distortion in the measure of association can be in either direction (exag-

gerated or understated), depending on the precise pattern of error. A partic-

ular worry in case–control studies is the possibility of recall bias, which is a 

particular type of differential misclassification. Recall bias exists when the 

recall of exposure information is different for case patients than for control 

participants, presumably because the illness experience of the case patients 

has in some way altered their memory or reporting of past events. Intuitively, 

one might expect case patients to overreport exposures that did not occur in 

an effort to explain their illness. Also, studies suggest that case patients may 

report accurately (presumably because their memory search is more thor-

ough), whereas control participants tend to underreport past exposures. In 

either situation, the reported exposures of case patients are artificially greater 

than the reported exposures of control participants, and the relative risk is 

falsely elevated.

Information bias was thought to be responsible for the apparent association 

between breast cancer and abortion. Case–control studies demonstrated that 

women with breast cancer were more likely to report having had an abortion 

in the past, compared with similar women who did not have breast cancer. In 

contrast, prospective studies comparing the future risk of breast cancer among 

women who had an abortion with women who had not had an abortion did 

not find an association. Researchers suspect that information bias in the case–

control studies led to a spurious association, as women may underreport 

having had an abortion. This underreporting may be more common among 

controls, as women diagnosed with breast cancer may have provided a more 

accurate history (Rookus and van Leeuwen 1996). A review of the literature 

a decade later confirmed that researchers have not found a cause-and-effect 

relationship between abortion and breast cancer (Kitchen et al. 2005).

How Do We Assess Whether Associations between Potential 
Etiologic Factors and Disease Are Causal?

Any intervention program or public health action is based on the presumption 

that the associations found in epidemiological studies are causal rather than 



C H R O N I C  D I S E A S E  E P I D E M I O L O G Y ,  P R E V E N T I O N ,  A N D  C O N T R O L|6 0

arising through bias or for some other spurious reason. Unfortunately, in most 

instances in observational epidemiology, such as the research showing an 

association between viewing smoking in the movies and becoming a smoker, 

there is no opportunity to absolutely prove that an association is causal. None-

theless, some principles are helpful when one must make this judgment.

The Bradford Hill criteria (Hill 1965) are often cited as a checklist for cau-

sality in epidemiological studies. These criteria have value but only as general 

guidelines. Most of Hill’s nine criteria relate to particular cases of refuting 

biases or drawing on nonepidemiological evidence.

1. Strength of association: Stronger associations are less likely to be the 

result of some subtle confounding or bias, presuming that major dis-

torting influences would be more readily recognized than small ones.

2. Consistency of association: The association is observed across diverse 

populations and circumstances, making a particular bias unlikely to 

explain a series of such observations.

3. Specificity of association: The exposure causes one rather than many 

diseases, and the disease is associated with one rather than many expo-

sures, suggesting that the association is not the result of bias. This is the 

weakest of the criteria for chronic diseases and might as well be elimi-

nated because we now know that many, perhaps most, exposures that 

influence one health outcome affect others (e.g., tobacco, radiation, 

diet) and that virtually all diseases have multiple causes.

4. Temporality: The exposure must precede the disease. This is the only 

absolute criterion for causality. Prospective study design helps establish 

the case for temporality.

5. Biological gradient: A dose–response curve, in which the risk of disease 

increases with increasing exposure, indicates that an association probably 

is not the result of a confounder or other bias. This criterion is generally 

valid, but the absence of a perfect dose–response pattern does not negate 

the possibility of a causal explanation because true thresholds or ceil-

ings of effects may exist. Conversely, the presence of a dose–response 

gradient may be the result of a strong confounder that closely tracks the 

exposure.

6. Plausibility: Evidence from other disciplines suggests that the agent is 

biologically capable of influencing the disease. This is useful supportive 

evidence when it is available, but the lack of advancements in the other 
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biological sciences should not be used to negate an epidemiological 

observation.

7. Coherence: The evidence should not be contradictory to the known 

biology and natural history of the disease (similar to the plausibility 

criterion).

8. Experimental evidence: When attainable, experimental evidence for 

causality—obtained by removing or randomly assigning exposure—is 

very strong because both known and unknown confounders are con-

trolled when exposure is randomly allocated.

9. Analogy: When other similar agents have been established as causes of 

disease, then the credibility of theories regarding a new disease operat-

ing in a similar manner is enhanced. This is the epidemiological coun-

terpart to plausibility; however, the supportive evidence comes from 

other areas of epidemiology rather than from other disciplines.

In practice, the establishment of evidence for causality is largely through the 

elimination of noncausal explanations for an observed association. Consider, 

for example, the evidence that alcohol use may increase the risk of breast can-

cer. A series of further studies might confirm that this relationship is valid and 

not a result of confounding or other biases such as detection bias (in which 

disease is more thoroughly diagnosed among alcohol users) or nonresponse 

bias. By whittling away alternative explanations, the hypothesis that asserts that 

alcohol use causes breast cancer becomes increasingly credible. It is the job of 

critics to propose and test noncausal explanations, so that when the association 

has withstood a series of such challenges, the case for causality is strengthened.

The danger of formalizing the process of declaring causality on the basis of 

a checklist or any other mechanistic process is that it can only lead to endless 

debates about the degree of certainty and can impede needed public health 

actions. Those who argue that causality must be established with absolute 

certainty before interventions can begin fail to appreciate that their two alter-

natives—action and inaction—each have risks and benefits. Decisions must 

therefore be based on evidence that exposure causes diseases and must take 

into account the costs of intervention, the potential for the intervention to pro-

duce adverse side effects, and the potential costs of failing to act.

For example, the tobacco companies have argued, until recently, that the 

association between smoking and disease is uncertain. In a technical sense, 

we will always have some degree of uncertainty, especially with no definitive 
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data from large numbers of participants randomly assigned to be smokers and 

nonsmokers. We have no doubt, however, that the evidence indicates a need 

to intervene because smoking has no clear health benefits and scientists have 

exhausted all reasonable noncausal explanations for the strong associations 

observed between smoking and a number of diseases. Nonetheless, to the extent 

that tobacco companies continue to argue that the evidence for causality is not 

definitive, they create enough controversy to distract some policymakers from 

supporting needed interventions. Establishing causality is an important goal for 

epidemiological research, but absolute proof is not needed to justify action.

How Much Morbidity and Mortality Might Be Prevented by 
Interventions?

In each chapter in Parts II through IV, authors report the relative risk (dis-

cussed previously) and the “population-attributable risk.” The population-

attributable risk is particularly useful in evaluating the potential benefits of 

intervention. When presented with an array of potential causal factors for 

disease, we need to evaluate how much might be gained by reducing or elimi-

nating each of the hazards. Relative risk estimates indicate how strongly expo-

sure and disease are associated, but this measure does not indicate directly the 

benefits that could be gained through modifying the exposure.

Attributable Risk

The attributable risk is a measure of how much of the disease burden could be 

eliminated if the exposure were eliminated. The attributable risk represents 

the proportion of disease among exposed people that actually results from 

the exposure. This issue might arise in a court case in which an exposed indi-

vidual claims that the agent to which he or she was exposed caused the disease. 

Note that we are presuming that the associations reflect causality for the pur-

poses of estimation. The attributable risk among exposed individuals is calcu-

lated as follows:

[relative risk–1]/relative risk

Thus, a relative risk of 2.0 (risk is doubled by exposure) yields an attributable 

proportion among exposed people of 0.5. This suggests a 50% chance that the 

disease resulted from the exposure in this study population.
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Population-Attributable Risk

Of still greater potential value is the incorporation of information on how 

common the exposure is. Although some exposures exert a powerful influence 

on individuals (i.e., a large relative risk), they are so rare that their public health 

impact is minimal. Conversely, some exposures have a modest impact but are 

so widespread that their elimination could have great benefit. To answer the 

question, “What proportion of disease in the total population is a result of 

the exposure?” the population-attributable risk or etiologic fraction is used. 

The population-attributable risk can be calculated in two ways. First, if the 

rate in the exposed and unexposed population is known, then the population-

attributable risk is

[rate (total population) − rate (unexposed )]/[rate (total population)]

The population-attributable risk can also be calculated with information only 

about the relative risk (usually obtained from research studies) and exposure 

in the population (often obtained from surveys). It is calculated as follows:

[P
e
 (relative risk − 1)]/[1 + P

e
 (relative risk − 1)]

where P
e
 represents the proportion of the population that is exposed.

The population-attributable risk is used most commonly to estimate the 

proportion of disease caused by a certain risk factor, such as the proportion of 

lung cancer caused by smoking. Assuming that the relative risk of lung can-

cer attributable to cigarette smoking is 15 and that 30% of the population are 

smokers, the population-attributable risk is 0.81, or 81%. This would suggest 

that 81% of the lung cancer burden in the population is caused by cigarette 

smoking and could be eliminated if the exposure were eliminated.

Population-attributable risk could also be used to estimate the proportion 

of a risk factor attributable to various “upstream” determinants. As described 

previously, research has shown that children exposed to smoking in the movies 

are at increased risk of becoming regular smokers (Charlesworth and Glantz 

2005). If one assumes that this is a causal relationship, about 35% of smoking 

among adolescents could be attributed to exposure to smoking in the movies. 

Intuitively, the 35% figure sounds very high, which would cast doubt on the 

assumption of a casual relationship. It is also important to note that, because of 

the effects of interactions between various risk factors, population-attributable 

risk estimates for a given disease can sometimes add up to more than 100%. 
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The relationship between risk, relative risk, and population-attributable risk is 

illustrated in Figure 2-5 as a hypothetical example for 100 children:

• Risk (e.g., 34% of children exposed to smoking in the movies become 

smokers, compared with only 20% of children not exposed to smoking 

in the movies).

• Relative risk (e.g., children exposed to smoking in the movies are 

1.7 times more likely to become smokers).

• Population-attributable risk (e.g., 35% of smoking among adolescents is 

because of smoking in the movies).

Although population-attributable risk estimates provide a useful estimate of 

the public health burden, they may be unrealistic as absolute goals because 

only rarely can a risk factor be completely eliminated.

Interactions among exposures, also known as effect modification, in the 

causation of disease are of particular importance in fully understanding etiology. 

Effect modification occurs when the effect of one exposure on disease risk is 

modified by the presence of another exposure. In the purest form, which is rarely 

observed, each of two exposures alone may have no effect on disease, but when 

the two are combined, a synergism occurs, causing an increase in disease. Con-

versely, two exposures that each can influence disease risk independently may 

be antagonistic, so that in combination they have a smaller effect on disease risk.

In epidemiological studies, interaction is measured as a combined effect of 

exposures that is larger than would be expected by simply adding the effects 

Exposed to
smoking in the

movies
(75 children)

Smoker 
(26 children)

Not exposed to
smoking in the

movies
(25 children)

34% become
smokers

20% become
smokers

Relative risk = 34%/20% = 1.7

Population attributable risk = (31-20)/31 = 35%

Smoker 
(5 children)

All smokers 
(31children)

Figure 2-5. Risks of Becoming a Smoker among 100 Children Exposed or Not Exposed to 
Smoking in the Movies
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of the two separate exposures. Interaction is most easily detected by compar-

ing the disease risk in groups with all combinations of exposure to the group 

exposed to neither agent. For example, cigarette smoking and asbestos exposure 

have been demonstrated to multiply the risk of lung cancer (Table 2-4). The 

risk of lung cancer among nonsmokers who are exposed to asbestos (relative 

risk = 5.2) is approximately half that of smokers who are not exposed to asbestos 

(relative risk = 10.8). However, a multiplicative effect is observed among smok-

ers who are exposed to asbestos (relative risk = 53.2).

This measure of interaction has direct implications for developing inter-

vention and prevention programs. If two factors interact, then the benefit of 

removing a given exposure will be greater if the other exposure is also present. 

For example, eliminating smoking has even more benefit for a group of work-

ers exposed to asbestos than for individuals who are not exposed to asbestos.

Obviously, many factors enter into decisions about interventions, including 

certainty of causality, amenability to intervention, and social and political issues. 

However, in the traditional role of epidemiology as the basic science of public 

health, quantitative considerations of preventable disease can help us make a 

rational choice. How can we predict what benefits one or more of these inter-

ventions might yield in the community? This is where estimates of population-

attributable risk may be particularly useful. If one considers the earlier example 

of smoking and lung cancer, it is apparent that lung cancer incidence could be 

reduced by more than 80% if cigarette smoking were eliminated.

Additional Uses of Epidemiology in Chronic Disease 
Prevention and Control

Although descriptive epidemiology is necessary, it is not sufficient to prevent 

and control chronic diseases in populations. Developing evidence-based 

Table 2-4. Example of Relative Risk Estimates for Lung Cancer 
Associated with Smoking and Asbestos Exposure 

Relative Risk Estimate

Smoking Category No Asbestos Exposure Asbestos Exposure

Nonsmoker 1 5
Smoker 10 50

Source: Data from IARC (2004).
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interventions requires going beyond epidemiology to use other disciplines, 

such as behavioral and social sciences, environmental health sciences, health 

management, and policy analysis. This section briefly describes a set of ques-

tions and issues to be considered when one is interpreting data in chronic dis-

ease epidemiology. It also describes several analytic tools and processes of 

interest to practitioners (e.g., meta-analysis, expert panels).

Why Should Action Not Be Taken on the Basis of a Single 
Epidemiological Study?

Scientists and practitioners committed to improving the public’s health have a 

natural tendency to scrutinize the epidemiological literature for new findings 

that would serve as the basis for prevention or intervention programs. In fact, 

application to public health practice is a principal motive for conducting such 

research. Adding to this inclination to intervene may be claims from investiga-

tors regarding the critical importance of their findings, media interpretation of 

the findings as the basis for immediate action, and even community support for 

responding to the striking new research findings with new or modified pro-

grams or elimination of existing programs. John Oliver, a television satirist who 

blends investigative journalism with slapstick humor, scrutinized the misuse 

and misinterpretation of scientific studies by the media on his program Last 

Week Tonight. The program illustrates how the misuse of science can lead to 

erroneous and often bizarre conclusions such as a news anchor’s assertion that 

“women are more open to romance when they are full instead of hungry” (Last 

Week Tonight 2016). The statement is presented as fact, and may indeed be 

true; however, it originated from a pilot study with a sample size of 20 that was 

published in a niche journal (Ely et al. 2015). Oliver points out these necessary 

disclaimers, which the news anchor failed to do. Although it is presented in a 

humorous fashion, Oliver’s satire highlights an important concept: a single 

study is never sufficient for making such assertions. This is particularly true for 

epidemiological research, in which an appreciation of epidemiological methods 

applied to chronic disease prevention and control leads to the inevitable conclu-

sion that multiple studies are required to ascertain the truth behind the statisti-

cal noise. Well-designed and carefully conducted research adds evidence to 

assist in setting policy, but the stakes are so high in economic terms and public 

credibility that cautious interpretation of research findings that have not been 

replicated is required.
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We have already discussed the validity of epidemiological research and 

criteria for causality, but a more direct consideration of why a single study is 

insufficient for action should be helpful. Breast cancer had rarely been consid-

ered a disease that might be affected by environmental pollutants, in contrast, 

for example, to lung or bladder cancer. However, a paper published by Wolff 

et al. (1993) changed that perception. This study, which was well designed, care-

fully conducted, and certainly worthy of publication, reported that pesticide 

residues from dichlorodiphenyltrichloroethane (DDT) in the blood were posi-

tively associated with the risk of breast cancer, with relative risks on the order 

of 3.0. Media interest was high, and the notion that a common, life-threatening 

disease could be related in part to environmental agents was both terrifying 

and promising of the potential for intervention. Although these exposures had 

been accrued over a lifetime, if found to be related to breast cancer, interven-

tions to reduce body burden of DDT would be worthy of consideration. For 

other reasons, largely based on adverse effects on wildlife, DDT was banned 

more than 40 years ago.

How could a study be methodologically sound, published in a reputable jour-

nal, generate substantial media and public interest, and yet not be worthy of any 

action on the part of public health practitioners? First, despite the talents of the 

investigators and quality of the resulting study, its findings may simply be wrong 

or misleading. That is, for reasons discussed earlier, even within the popula-

tion studied, there may well be no causal association between DDT residues and 

breast cancer. One critical concern is whether the measured levels of DDT resi-

dues were affected by early stages of breast cancer rather than the reverse. Also, 

potential confounding by lactation was examined but produced rather anoma-

lous results, and the number of cases available for analysis was small.

Second, even if valid for the population under study, the generalizability of 

the findings has to be examined. Can results from women in the New York area 

be applied to other populations with different exposure histories, ethnic back-

grounds, and risk factor profiles? Although we look for universal explanations 

for disease and occasionally find strong causal factors that account for most of 

the disease in most populations (e.g., smoking and lung cancer), these successes 

are rare. More often, there is a multitude of interacting factors that must be 

considered for extrapolating findings from one population to apply to another.

Finally, even if findings are valid and generalizable, thus making a contri-

bution to public health decision, what action should be taken for an agent that 

was banned long ago? At the margins, in evaluating costs and benefits, this 
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research would (if valid) add to the evidence of health harm from exposure, 

but in this case, there is not a clear decision to be made. If we had two compa-

rably effective pesticides, one of which was associated with health harm and 

one that was not, such evidence might tip the balance. Public health decisions 

must integrate the full array of considerations regarding risks and benefits of 

different courses of action, as discussed in the following section.

How Do We Assess a Series of Epidemiological Studies 
and Integrate the Evidence to Make Decisions?

Several important methods and tools are available to epidemiologists and prac-

titioners to assist in determining when public health action is warranted. It is 

often necessary to use these because exposure–disease relationships in chronic 

disease epidemiology typically show relatively weak associations, in which the 

relative risk estimate is not too different from the null value of 1.0. Most accepted 

risk factors for breast cancer are associated with relative risks of less than 5.0, 

and often less than 3.0, considered by some to be weak (Wynder 1987; Boffetta 

2010). The closer a relative risk estimate comes to unity (i.e., 1.0), the more 

likely that it can be explained by methodological limitations such as confound-

ing, misclassification, and other sources of bias. Yet, as noted earlier in the 

description of population-attributable risk, even when a risk factor is weak, if 

highly prevalent in the population, the public health impact can be large. There-

fore, we have great interest in determining when even relatively weak associa-

tions provide the basis for public health intervention, which can only come 

from a series of well-designed studies.

Although it is tempting to intervene rather than conduct yet more stud-

ies in the face of a serious health problem, in the long run, evaluation of all 

major interventions is essential. To conduct such an evaluation, investigators 

must study a comparison group and rule out other factors as the cause of any 

observed change. The diagnosis of breast cancer in a prominent local citizen, 

for example, could be the main cause of increased breast cancer screening, 

rather than a community education program. In programs that combine sev-

eral interventions, investigators may be able to determine which intervention(s) 

actually produced the health benefits and whether the results of an evaluation 

are generalizable to a different population. The debate continues, for example, 

as to whether the results of studies of reduced serum cholesterol in men can 

be applied to women. Thus, determining whether a proposed intervention will 

actually bring about more good than harm can be difficult.
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It is important to note that even ostensibly useful interventions may not 

have positive effects and that almost all programs may have unintended neg-

ative effects. An education program to increase breast cancer screening, for 

example, could have no effect on women who need screening, yet it could raise 

anxiety among younger women at low risk who do not need screening. The 

usefulness of a particular screening test is based on several characteristics, 

including its accuracy, reproducibility, sensitivity, and specificity.

This section provides an overview of three related methods that have 

proven useful in assimilating large bodies of evidence in chronic disease epi-

demiology. In turn, the summarized evidence can be useful in shaping pub-

lic health interventions and policies. Because this consideration is necessarily 

brief, readers are referred to other sources for more detail.

Systematic Reviews and Meta-analyses

The volume of information published about chronic diseases and their risk fac-

tors in journals every day is far beyond that which any person can remain cur-

rent on. To address this problem, researchers conduct “systematic reviews” to 

consolidate all the information from studies addressing a single clinical or pub-

lic health question. Systematic reviews use explicit and comprehensive (system-

atic) methods to identify, select, and critically assess all relevant research on the 

issue under consideration. To avoid bias, all Cochrane reviews start as a pub-

lished protocol stating in advance how the review will be carried out (searching 

for data, appraising and combining study data). Over the past two decades, 

systematic reviews have been increasingly using “meta-analysis” to provide a 

more quantitative approach for integrating the findings of individual studies 

(Petitti 2000). Petitti describes four steps in undertaking a meta-analysis.

1. Identify relevant studies: Relevant studies must first be identified for 

inclusion in the meta-analysis. These can be identified through comput-

erized sources such as MEDLINE, review articles, other journal arti-

cles, doctoral dissertations, and personal communications with other 

researchers.

2. Inclusion and exclusion criteria: Explicit criteria distinguish a meta-

analysis from a qualitative literature review. Criteria for inclusion should 

specify the study designs to be included; the years of publication or of 

data collection; the languages in which the articles are written (e.g., English 

only or English plus other specified languages); the minimum sample 

size and the extent of follow-up; the treatments and/or exposures; the 
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manner in which the exposures, treatment, and outcomes were mea-

sured; and the completeness of information. Study quality should also be 

considered. As a minimum, studies whose quality falls below some spec-

ified rating criteria should be excluded. Rating scales may be developed 

to assess the quality of the included studies, although the basis for rating 

can be controversial and it may be preferable to consider the actual study 

attributes rather than a summary quality score.

3. Data abstraction: In this step, important features of each study are 

abstracted such as design, number of participants, and key findings. 

The abstraction summary should produce findings that are reliable, 

valid, and free of bias. Blinding of abstractors and reabstraction of a 

sample of studies by multiple abstractors may be beneficial.

4. Statistical analysis and exploration of heterogeneity: The data are com-

bined to produce a summary estimate of the measure of association 

along with confidence intervals. Data are also examined to determine if 

the effect across studies was homogeneous and, if not, the reasons for 

heterogeneity.

Meta-analysis is most useful for combining the results of multiple, small RCTs 

whose results are generally consistent yet imprecision is a problem in each 

individual trial. The method is less useful in situations in which intervention 

trials have found truly heterogeneous results through different methods or 

because the relationship of interest varies across populations. Partly for that 

reason, one must be careful not to be overwhelmed by the impressively large 

numbers that can be accrued in a meta-analysis. Although the improved pre-

cision is a strength, one must also consider the validity of combining results 

across studies and whether the estimated size of the effect is large enough to 

warrant action.

Risk Assessment

Quantitative risk assessment is a widely used term for a systematic approach to 

characterizing the risks posed to individuals and populations by environmen-

tal pollutants and other potentially adverse exposures. Risk assessment has 

been described as a “bridge” between science and policy-making. In the United 

States, its use is either explicitly or implicitly required by a number of federal 

statutes, and its application worldwide is increasing. There has been consider-

able debate over the U.S. risk-assessment policies, and the most widely 
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recognized difficulties in risk assessment are because of extrapolation-related 

uncertainties (i.e., extrapolating low-dose effects from higher exposure levels). 

Risk assessment has become an established process through which expert 

scientific input is provided to agencies that regulate environmental or occupa-

tional exposures.

Four key steps in risk assessment are hazard identification, risk characteri-

zation, exposure assessment, and risk estimation (USEPA 2005). An important 

aspect of risk assessment is that it frequently results in classification schemes 

that take into account uncertainties about exposure–disease relationships. 

For example, the U.S. Environmental Protection Agency has developed a five-

tier scheme for classifying potential and proven cancer-causing agents, which 

includes the following: (1) group A, carcinogenic to humans; (2) group B, prob-

ably carcinogenic to humans; (3) group C, possibly carcinogenic to humans; 

(4) group D, not classifiable as to human carcinogenicity; and (5) group E, 

evidence of noncarcinogenicity for humans.

Sources of Evidence

Most government agencies, in both executive and legislative branches, and 

voluntary health organizations, such as the American Cancer Society, use 

expert panels when examining epidemiological studies and their relevance to 

health policies and interventions (Brownson 2006). Ideally, the goal of expert 

panels is to provide peer review by scientific experts of the quality of the 

science and scientific interpretations that underlie public health recommen-

dations, regulations, and policy decisions. If conducted well, peer review can 

provide an important set of checks and balances for the regulatory process. 

Optimally, the expert review process has the following common properties: 

experts are sought in epidemiology and related disciplines (e.g., clinical med-

icine, biomedical sciences, biostatistics, economics, ethics); panels typically 

consist of 8 to 15 members and meet in person to review scientific data (writ-

ten guidance is provided to panel members); panel members should not have 

financial or professional conflicts of interest; and draft findings from expert 

panels are frequently released for public review and comment before final 

recommendations. 

The Community Guide is a source of information about the effective-

ness of chronic disease prevention and control interventions, based on the 

findings of the Community Preventive Services Task Force and the related 
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systematic reviews. The Community Guide is a credible resource with many 

uses because it is based on a scientific systematic review process and answers 

questions critical to almost everyone interested in community health and 

well-being such as

• What interventions have and have not worked?

• In which populations and settings has the intervention worked or not 

worked?

• What might the intervention cost?

• What should I expect for my investment?

• Does the intervention lead to any other benefits or harms?

• What interventions need more research before we know if they work 

or not?

The goal of the Community Guide is to promote the use of interventions that 

have been shown to work, discourage the use of interventions that have been 

shown not to work, and promote research on interventions for which there is 

not enough evidence to say whether or not they work (Community Preventive 

Services Task Force, 2016).

Conclusions

In this chapter, we have discussed the issues that help to determine whether 

associations are causal, the role of intervention research in disease control, and 

the uses of epidemiological evidence to make public health decisions. We have 

also outlined several types of epidemiological study designs and the biases that 

can complicate interpretation of results. We have discussed issues that help to 

determine whether associations are causal, as well as the role of intervention 

research in disease control. Such information serves as a foundation that will 

help readers address the more complex issues of chronic disease etiology and 

control. Some of the key epidemiological concepts that the reader will encoun-

ter in other chapters are summarized in Table 2-5.

The final section in each chapter of Parts II through IV describes the evi-

dence that exists for effective programs and policies. Epidemiological, behav-

ioral, social science, and other research methods have been used to identify 

effective intervention strategies that can be implemented at the individual 

and community level (Zaza et al. 2005). These methods are described in more 

detail in the following two chapters.
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