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INTRODUCTION

In the practice of clinical exercise physiology, epidemiologic 
studies are important for understanding the complex relation-
ships that exist between physical activity and health and dis-
ease. Epidemiology is the study of the occurrence of health-
related events and their determinants in human populations 
(1). The goal of epidemiology is to discover facts essential or 
contributory to the occurrence of disease or a state of health 
in a population. The objective of this discipline is to develop 
effective methods of disease prevention that act directly on 
causal agents, factors, or determinants. Epidemiology 
includes the study of where a disease or injury occurs, who 
has the disease or injury, and who is at risk for developing the 
disease or sustaining the injury. The importance of epidemio-
logic research is highlighted by the great impact that disease 
and injury have on society, an impact that is measured in loss 
of life, disability, emotional anguish, social dysfunction, and 
economic loss. Because health care expenditures in the 
United States now exceed 17.9% of the gross national 

product (2), it is imperative that epidemiologic research be 
used to advance knowledge of the causes of disease and 
injury to reduce their consequences on the individual and 
society. The domain of epidemiologic research is groups of 
people—not individuals—with emphasis on identifying spe-
cific subgroups, explained by age, sex, race/ethnicity, socio-
economic status, educational level, and so forth, and focusing 
on factors of time, place, and person. One of the first and 
classic examples of the application of epidemiologic methods 
to the question about association of physical activity/exercise 
and health examined the association of physical activity with 
risk for coronary heart disease (CHD) among London bus 
conductors and bus drivers. This study, carried out by Dr. 
Jeremy Morris in 1954 (3), examined the CHD experience 
among bus conductors (those who gathered tickets from 
patrons on double-decker London buses) compared with the 
drivers who sat throughout their shifts driving the buses. 
When age standardized rates were calculated, it was found 
that among male bus conductors and drivers aged 35 to 64 
years, the incidence rate of CHD was 2.0/1,000 per year 
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among the conductors compared to 2.7/1,000 per year among 
the drivers, a statistically significant difference (3). This 
marked the first modern-era link between physical activity 
and a specific health outcome. With this example as a back-
drop, the purpose of this article is to provide an overview of 
epidemiologic research applications, specifically for clinical 
exercise physiologists and exercise scientists engaged in 
health-related research and practice.

Epidemiologic Methods

Epidemiologists practically apply the scientific method to 
problems of the health sciences. The discipline borrows 
from many specialties and combines them into a viable sci-
ence. The application of epidemiology requires knowledge 
of causal factors relative to the occurrence of specific health 
events. This knowledge is often revealed through measures 
of association that declare suspected causal factors and spe-
cific health events are either statistically significantly associ-
ated or not statistically significantly associated; that is, either 
independent or not independent of one another.

For those associations that are statistically significant, 
several interpretations are possible. A noncausal or second-
ary association is one possibility if the two events are very 
common and thus, associated, but not in a causal fashion. A 
statistically associated significant relationship may be direct 
or indirect. In the case of a direct causal association, one 
event is the cause of a second event. On the other hand, an 
indirect causal association is characterized by an event that 
may be associated with a third event that is really the causal 
event.

The concept of the web of causation is an important 
principle in epidemiology (1). This web can be defined such 
that the effect may be the result of a complex interaction of 
causes, with the understanding that not every effect is the 
result of a single cause (4). An important tenet of epidemiol-
ogy is that for effective public health interventions to be 
carried out, they do not require a complete knowledge of the 
web of causation. It is also understood that the web may be 
sufficiently deformed by an attack at one link to oftentimes 
render prevention efforts less effective. Finally, it is possible 
that additional unexpected side effects may occur, obscuring 
the relationships within the web of causation.

Fundamental to understanding the complex nature of a 
web of causation is the assessment of the critical classes of 
causal factors, which include the classic paradigm of agent, 
host, and environment. The agent in the context of a causa-
tion web or multifactorial outcome can be one of any number 
of factors including, but not limited to, factors that are 
genetic, physical (e.g., sunlight, fire, radiation, seat belts), 
nutritive (excess, deficiency), exogenous chemical (e.g., 
inhalation, ingestion, skin contact), physiological or psycho-
logical, as well as those that are invasive organisms (e.g., host 
manifests any number of personal attributes that may be 
linked to increased/decreased susceptibility to any agent or 
occurrence of disease/injury; these personal attributes include 
age, sex, immune status, behavioral attributes [e.g., smoking 
status, physical activity], race/ethnicity, social class, and 

genetic predisposition). The environment is critical to both 
the host and agent. Characteristics of the external environ-
ment that may influence host/agent interaction can include 
physical (e.g., climate, altitude, urban, rural), biological (e.g., 
food supply, other living things), and social (e.g., population 
distribution, culture, access to recreation, access to health 
care). Clearly the internal environment of both the host and 
agent also are important and relevant to the interactions of the 
host and agent with their external environment.

Epidemiologic Measures
Disease/Injury Occurrence

Several measures are used to quantify disease occurrence in 
the population. The incidence, or incidence rate, is the num-
ber of new cases of disease or injury during a defined period, 
divided by the product of the number of persons monitored 
during the time period (5). Incidence is usually expressed as 
the number of new cases occurring in a year among a speci-
fied population (6). Cumulative incidence is the risk of 
developing a disease over a defined time period, such as 1 
year. Prevalence is another proportional measure; it is 
expressed as the number of existing cases of disease/injury 
divided by the total population, with the occurrence of the 
disease/injury measured at a specific point in time rather 
than over a certain time period (5). The prevalence of a dis-
ease/injury is influenced both by its incidence and persis-
tence (i.e., how long people have a disease/injury before 
cure or death) (6). See Table 1 for a list of selected measures 
and their definitions.

Variation in Occurrence of Disease/Injury

A comparison between two groups to reveal the relative 
frequency of a health-related event is expressed as the ratio 
of the two rates and is referred to as a rate ratio. A specific 
type of rate ratio is the relative risk (RR), which is a com-
parison of the rate in a population subgroup exposed to an 
agent that is believed to cause a disease, injury, or death with 
the rate in a population subgroup not exposed (5,6). A simi-
lar measure specific to case-control studies (see epidemio-
logic study methods), often considered synonymous with the 
RR, is the odds ratio (OR) or cross-product ratio, which 
provides an approximation of the RR (5,6). In the instance of 
both the RR and OR, ratios exceeding 1 are interpreted as 
conveying greater risk or a greater likelihood of an outcome. 
The confidence interval (CI) is a measure used in association 
with rate ratios to declare their likelihood of not being due to 
chance alone. This represents a range of values for a rate-
ratio or other variable constructed so that this range has a 
specified probability of including the true value of the rate-
ratio. The end points of the confidence interval are called 
“confidence limits” and, when applied to the RR and OR, 
they determine statistical significance when 1.0 is not inclu-
sive of the lower 95% or upper 95% range (1).

Measures of Prevention

Another statistic used to judge the strength of association 
between a risk factor and disease, injury, or death is the 
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attributable risk. The most common form of attributable risk 
is the population attributable risk, which indicates the pro-
portion of cases in a population that occurred in a subgroup 
having the risk factor of interest (5–7). Epidemiologists 
assume that the proportion of disease found in that subgroup 
is the result of, or attributable to, that risk factor. Population 
attributable risk or fraction is a function of the both the RR 
of a factor and the frequency or prevalence of that factor in 
the population. Population Attributable Fraction is computed 
by the equation found in Table 1.

An estimate of the potential percentage reduction in the 
risk of disease, injury, or death for people who change from 
the exposed group to the unexposed group is the clinical 
attributable risk. This risk is the proportion of all cases in the 
exposed group attributable to the factor that defines the 
exposed group and is computed as 1-(1/RR), where the 
denominator includes the RR of the exposure factor.

The relationship between RR and the population attrib-
utable risk is illustrated in Tables 2 and 3. Table 2 lists the 
measured RRs from the literature for each of the selected 
risk factors of smoking, obesity, and physical inactivity for 
selected noncommunicable diseases (NCD) including coro-
nary heart disease, type 2 diabetes, breast cancer in women, 
colon cancer, and total mortality from work conducted by 
Lee et al. (7). Note the similarity of RR for physical inactiv-
ity for each NCD outcome. When expressed as an attribut-
able risk (Table 3), taking into consideration the prevalence 
of each risk factor across the globe, the public health impli-
cations for each of the risk factors compared with one 
another are more fully appreciated.

Often, to fully understand the etiology of a condition, 
we need to understand the relationship between two or more 
exposures associated with the disease/injury. This type of 
relationship is referred to as effect modification and occurs 
when the effect of one exposure on disease risk is modified 
by the presence of another exposure (8). An example from 
the smoking literature is the interaction of cigarette smoking 
and asbestos exposure in relationship to lung cancer. Expo-
sure to smoking alone carries a RR of 10.8 compared with 
nonsmokers, while exposure to smoking plus exposure to 
asbestos carries a RR of 53.2, increasing the risk of lung 

cancer almost 50-fold compared with nonsmokers and 5-fold 
compared to smokers (9).

In addition to the impact that interaction has in influenc-
ing epidemiologic studies, bias also plays a role. Bias occurs 
if the observed estimate of a measure tends to deviate from 
its true value; this deviation then obscures the true relation-
ship between an exposure variable and an outcome. Various 
types of bias that can be introduced in epidemiologic studies 
are listed in Table 4. Examples of bias include selection bias, 
where only certain subjects from a community are enrolled 
in a study when broader representation is desired. An exam-
ple of information bias is where errors are made in classifi-
cation of risk status or disease status. Misclassifying physi-
cal activity exposure by either use of an incomplete 
assessment measure or an unreliable instrument would pro-
duce significant errors in any study examining the role of 
physical activity and health outcomes.

Standard Clinical Measures, the Electronic Health 
Record (EHR), and Data Sources

The clinical exercise physiologist or an exercise facility 
should regularly collect physical activity and physical fit-
ness data on participants. The data variables and methods of 
data collection will differ between sites. The needs of the 

TABLE 1. Selected epidemiologic measures.

Measure Definition

Prevalence rate Number of persons who have attribute/disease at particular time
Population at risk of having attribute/disease at this point in time

Incidence rate Number of new events in a specified time period
Number of persons exposed to risk during this period

Relative risk Risk of disease/injury or death in the exposed population
Risk of disease/injury or death in the unexposed population

Odds ratio Number of exposed cases/Number of unexposed cases
Number of exposed controls/Number of unexposed controls

Population Attributable Fraction (PAF) is the proportion of cases that would be prevented if the risk factor were eliminated:
PAF formula = Pe(RR-1)/1+ (Pe[RR-1]), where Pe is the prevalence (percent) of those at risk (e.g., physically inactive) in the study 
population and RR is the relative risk.

TABLE 2. Relative risks of coronary heart disease (CHD), type 2 
diabetes, breast cancer, colon cancer, and all-cause mortality 
associated with physical inactivity.a

Outcome Unadjusted 
Relative Risk  

(95% confidence 
interval)

Adjusted  
Relative Risk  

(95% confidence 
interval)

CHD 1.33 (1.18–1.49) 1.16 (1.04–1.30)

Type 2 diabetes 1.63 (1.27–2.11) 1.20 (1.10–1.33)

Breast cancer 1.34 (1.25–1.43 1.33 (1.26–1.42)

Colon cancer 1.38 (1.31–1.45) 1.32 (1.23–1.39)

All–cause mortality 1.47 (1.38–1.57) 1.28 (1.21–1.36)

aAdapted from Lee et al. (7)
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facility, the target population, available time, and the cost of 
testing will be factors that determine how data is collected 
and which variables are assessed. When collecting data, 
basic pieces of information should always be collected. This 
includes date of data collection, age, height, weight, race/
ethnicity, and an assessment of physical activity per week. 
(Ideally, subjects should also have a data identifier; this is 
necessary if serial data is collected.) Collecting this informa-
tion will provide a basis of comparison between different 
data sets. Different sites and systems should coordinate with 
each other to ensure that data variables and/or collection 
measures are as consistent as possible. For example, in mul-
tisite randomized-controlled trials this is often accomplished 
using a system called a “core lab.” The core lab educates all 
sites on proper data collection and provides oversight of this 
process.

Physical Activity

The assessment of physical activity should be completed 
using a verified tool. Survey questions should provide a 
basic assessment of exercise volume per week. Ideally, sur-
veys or activity recall tools should assess multiple aspect of 
fitness (aerobic, strength, and flexibility). Table 5 provides a 
brief list of validated physical activity survey tools as 
reported by Dishman et al. (3) and can be found on the physi-
cal activity surveillance tools Centers for Disease Control 
and Prevention (CDC) website: (https://www.cdc.gov/physi-
calactivity/data/surveillance.htm) (10). Using surveillance 
tools can provide the exercise facility with a means to com-
pare collected data to existing databases, which are available 
for public use.

The facility should determine which is more appropri-
ate: a shorter assessment using a few questions or a more 
precise assessment using a larger number of questions. Ask-
ing a few questions may be preferred when the complete 
content of the survey is longer and when the focus of data 
collection is not specifically associated with physical activ-
ity. Longer surveys with more precise measures of physical 
activity will help tease out specific associations with physi-
cal activity type, volume, and health outcomes. The method 
by which the survey is delivered (e.g., led by an interviewer, 
self-reported, paper and pencil, electronic device) can also 
affect the precision of the data collection.

Fitness Measures

Exercise and wellness facilities will complete a variety of 
fitness evaluations on participants. Fitness variables can be 

collected for aerobic fitness, muscular strength, muscular 
endurance, body composition, flexibility, and movement. A 
list of measures are contained in Table 6. This list is not 
necessarily exhaustive; therefore, fitness facilities should 
adjust the evaluations based on their needs and resources.

The methods by which fitness is assessed will vary, 
although a description of standard methods can be found in 
professional exercise testing textbooks (11,12). (Note: Care 
should be taken when using online sources for exercise test-
ing. Websites and video posting sites will post methods that 
are not validated. Therefore, the accuracy of the information 
posted is often not known.) Fitness measures should be 
determined as a complete (holistic) entity. The collection of 
fitness variables (i.e., strength, muscular endurance, move-
ment, and flexibility) should be as complete and well-
rounded as possible. This can be a challenge. For example, 
strength measures are often completed for a bench press 
(upper body exercise) and leg press (lower body exercise). 
However, these exercises do not address many upper body 
muscle groups (such as the latissimus dorsi, and biceps for a 
bench press) or lower body muscle groups (such as the ham-
strings and adductors muscles for a leg press). Therefore, 
developing a composite list of exercises that address the 
entire body is preferred. Similarly, muscular endurance tests 
often address upper body movements (such as curl-ups and 
push-ups) without addressing lower body muscular endur-
ance. Flexibility assessments often consist of a sit and reach 
test, which does not address many potential areas of inflexi-
bility in the body. It is accepted that developing a holistic 
physical fitness evaluation system may not always be possi-
ble. However, the goal should be to develop a well-rounded 
system of physical fitness evaluations that address the entire 
body and multiple aspects of physical fitness.

Completing physical fitness evaluations are mired in a 
lack of consistent methodology. This can be a significant 
factor when trying to make data comparisons. There are 
three main factors that can affect the ability to compare data 
from one facility to another: (1) Different testing 

TABLE 3. Summary of population attributable fraction (PAF) of physical inactivity for CHD, T2DM, CCa, and BCa for the world.a

Total Mortality CHD T2DM CCa BCa

PAF RR
unadj

,% (CI) 14.2 (7·2–13·4) 10.4 (10·8–22·8) 18.1 (6·8–15·5) 11.6 (6·8–15·1) 11.8 (8·3–18·0)

PAF RR
adj

,% (CI) 9.4 (5.1–12.5) 5.8 (3.2–7.8) 7.2 (3·9–9·6) 10.1 (5·6–14·1) 10.4 (5·7–13·8)

aCHD = coronary heart disease; T2DM = type 2 diabetes; CCa = colon cancer; BCa = breast cancer; RRunadj = relative risk unadjusted for 
confounding factors; RRadj = relative risk adjusted for confounding factors (e.g., smoking, obesity, hypertension); CI = confidence intervals. 
Adapted from Lee et al. (7)

TABLE 4. Types of bias in epidemiologic studies.

Selection Information Measurement

Ascertainment Interviewer Validity

Detection Recall Reliability

Response Reporting
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TABLE 5. Current US government surveillance systems that collect physical activity behavior among US adults.

Survey (website) Collection Method (mode) Physical Activity Domains

National Health Interview Survey (NHIS): Cancer 
Supplement (http://www.cdc.gov/nchs/nhis.htm)

Survey questions (in-person); national 
representative sample of US adults 18 years and 
above

Active transportation

National Health Interview Survey (NHIS): Sample 
Adult Survey (http://www.cdc.gov/nchs/nhis.htm)

Survey questions (in-person); national 
representative sample of US adults 18 years and 
above

Leisure-time

National Health and Nutrition Examination Survey 
(NHANES) (http://www.cdc.gov/nchs/nhanes.htm)

Survey questions (in-person); national sample of 
US population, non-Hispanic whites, non-Hispanic 
blacks, and Mexican-Americans age 2 months old 
and above

Active transportation

Leisure-time

Work (paid/unpaid)

National Health and Nutrition Examination Survey 
(https://wwwn.cdc.gov/Nchs/Nhanes/2003-2004/
PAXRAW_C.htm)

Physical activity monitor (accelerometer); national 
sample of US population, non-Hispanic whites, 
non-Hispanic blacks, and Mexican-Americans 
ages 2 months old and above

Objective assessment (Actigraph)

Behavioral Risk Factor Surveillance System 
(BRFSS) (http://www.cdc.gov/brfss/)

Survey questions (telephone); national sample 
conducted in every state and territories 
metropolitan micropolitan statistical area-level 
data available

Non-occupational

American Time Use Survey (ATUS)  
(http://www.bls.gov/tus/)

One-day activity diary (telephone); national 
sample ages 15 years and above

Active transportation

Leisure-time

Household

Occupational

National Household Travel Survey (NHTS)  
(http://nhts.ornl.gov/)

One-day travel diary survey question (telephone); 
national sample ages 5 years and above

Active transportation

American Community Survey (ACS)  
(http://www.census.gov/acs/)

Survey questions (online/mail/in-person); national 
representative ages 16 years and above

Active transportation

TABLE 6. Fitness variables and assessment methods.

Fitness Variable Definition Potential Measures

Aerobic fitness Ability of the circulatory and respiratory 
system to supply oxygen during maximal 
(aerobic) activity

Estimated or measured VO
2peak

 through a maximal, submaximal, or field 
test using an aerobic mode of exercise (walking, running, cycling, etc.)

Muscular strength Ability to exert force A one repetitional maximal (RM) lift (or an estimate of 1 RM based on a 
2–5 RM) divided by the individual’s body weight

Muscular 
endurance

The ability of muscle to continue to 
perform without fatigue

The number of repetitions that a subject can complete moving a 
submaximal load (typically body weight) or the amount of time an 
individual can hold an isometric pose (e.g., holding a plank for time)

Body composition The relative amounts of muscle, fat, bone, 
and other vital parts of the body (organs)

The percent body fat as determined by a number of accepted methods 
(underwater weighing, air plethysmography, DEXA,a skinfold, and 
bio-electrical impedance), body mass index, waist circumference, and 
waist (circumference) to hip (circumference) ratio

Flexibility The range of motion available at a joint Degrees that a joint structure can move in a given plane (as measured 
with a goniometer), the distance that an individual can move for a 
specific motion (e.g., sit and reach test), and the distance that limbs will 
be apart from each other (back scratch/shoulder mobility test, where the 
distance between hands is determined)

Movement The ability to complete an exercise 
movement with proper ergonomic form

The functional movement screen (FMS) score, which is determined by 
scoring the subject’s proficiency of completing exercise movements with 
the proper body mechanics and a squat test, which evaluates different 
body components when completing a squat and holding a dowel 
overhead

aDEXA = dual-energy x-ray absorptiometry
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modalities—The testing modality provides data that cannot 
be easily compared. This is the case when an individual 
completes a maximal aerobic exercise test on a treadmill 
versus other pieces of aerobic equipment that will produce 
lower maximal aerobic capacities (cycle ergometer, rowing 
ergometer). In such cases, care needs to be taken to apply the 
proper correction factor to make appropriate comparisons. 
This is also an issue when collecting body composition vari-
ables, where the comparison of percent body fat, body mass 
index, and waist circumference is difficult. These variables 
are correlated. However, if sites only collect one of these 
variables, comparisons are difficult (i.e., percent fat versus 
waist circumference versus body mass index). (2) Different 
testing equipment—This is particularly a problem when 
completing strength tests and different strength training 
machines are used. Differences between sites may be due to 
the use of equipment that has a different lever arm (this is 
typical with the leg press). Therefore, one population may 
seem stronger and fitter than another due to the use of differ-
ent equipment, when there is not necessarily a true differ-
ence between the groups. (3) Test administration—The skill 
of the individual completing the measures may vary from 
facility to facility. Since the fitness industry is not regulated, 
individuals at a facility can be highly trained and skilled in 
performing fitness testing measures or the individuals can 
have very little professional training and knowledge of how 
to perform a test properly. Individuals with a high degree of 
training should complete fitness measures with a high degree 
of validity and reliability. However, the validity and reliabil-
ity of individuals who do not receive professional training is 
likely to be lower. It is expected that testing requiring a sig-
nificant degree of skill (such as measuring skinfolds or rat-
ing functional movement screen movements) or requiring 
participants to complete movements with a proper form 
(push-up, sit-up tests) would not be completed at a similar 
level and thus scores may be inconsistent based on the test 
administrators who implement the fitness testing measure. 
This would affect the comparison of fitness variables 
between facilities and the relationship between a fitness 
measure and disease outcome.

Importance of Improving Data Collection

Physical activity data have been regularly collected from 
national surveillance systems. However, data associated 
with fitness measures need to be collected and evaluated. 
Data from commercial fitness facilities are rarely published. 
Data from hospital and corporate wellness facilities are often 
collected and evaluated. However, the results may not neces-
sarily be published. Currently, many facilities regularly per-
form some level of fitness testing (even if the testing is 
incomplete). Therefore, considerable data are being col-
lected on the population. However, data collection methods 
need to be more consistent and comply to increased rigor. 

Efforts must be made to unify physical activity and fit-
ness data collection methods, unify assessment variables, 
and create data repositories. Often, normative data are col-
lected from a single source and presented as a single aspect 

of fitness. Relatively large numbers of individuals are tested 
from a single location (such as fitness data developed by the 
Cooper Clinic, Dallas, Texas and known as the Aerobics 
Center Longitudinal Study) and data are presented for a 
single fitness variable (11). Normative data where popula-
tions from different geographic locations complete multiple 
fitness measures have not been presented. Thus, there are no 
data concerning multiple aspects of physical fitness and its 
relationship to health and longevity. It can be hypothesized 
that individuals who meet a certain threshold of physical fit-
ness across multiple indices of fitness have improved health 
outcomes compared to individuals who perform poorly on 
multiple physical fitness indices. An American Heart Asso-
ciation scientific statement asserts that low levels of aerobic 
fitness are associated with an increased risk of cardiovascu-
lar disease and all-cause mortality (13). However, there are 
no current data to address multiple domains of physical fit-
ness (e.g., aerobic, strength, flexibility, body composition) in 
an individual and their overall effect on health outcome.

With a consistent collection of physical activity and 
(complete) physical fitness measures, repositories need to be 
developed that couple these measures with electronic medi-
cal records to determine correlations. This will determine 
thresholds for physical activity and fitness that are associ-
ated with improved health outcomes and can guide clinical 
recommendations. Fitness thresholds have been determined 
for aerobic fitness (13). However, correlations and thresh-
olds need to be determined for other measures of physical 
fitness and for multiple aspects of physical fitness in 
combination.

In summary, there is a need to consistently collect basic 
descriptive information on the study population. Physical 
activity should be assessed using validated survey tools. 
Physical fitness tests should assess the multiple aspects of 
fitness as previously listed. Fitness facilities need to work 
together to complete measures that are consistent and per-
formed with a high degree of rigor. Repositories need to be 
created where physical activity, physical fitness, and health 
outcomes can be evaluated. Finally, hypotheses need to be 
evaluated that can guide clinical and public health policy.

Study Designs in Epidemiologic Research
Cross-Sectional Study

When attempting to explain an association between a factor 
and a disease/injury, the least convincing design is cross-
sectional. In this design, physical activity or fitness is mea-
sured simultaneously with a measure of the frequency of 
disease, injury, or death. Other risk factors may also be 
measured at the same time. Because this approach is analo-
gous to the “snapshot” in photography (14), proper temporal 
sequence is not provided. An example of a physical activity 
study that uses a cross-sectional approach is The Iowa Farm-
ers Study (15), which examined the association of physical 
activity with mortality; 62,000 all-cause deaths occurring 
from 1962 to 1978 in male residents of Iowa aged 20–64 
years were examined. A randomly selected group of 95 
farmers was compared with a group of 158 nonfarmers who 
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lived in a city. Farmers had a 10% lower rate of death due to 
CHD, and they were twice as likely to participate in strenu-
ous physical activity compared with the nonfarmers. The 
farmers were also more fit as determined by lower exercise 
heart rate and longer endurance time on a treadmill test. 
Because the farmers had higher cholesterol and higher body 
mass index, the apparently protective effect attributed to 
their high activity and fitness could not be explained by 
lower cholesterol and body mass. In other words, when these 
known risk factors for CHD were controlled for, the farmers 
still appeared to benefit directly from their higher fitness 
levels (i.e., some evidence for independence of the effects of 
physical activity and fitness was present). However, the 
farmers had lower estimated body fat, as determined by 
skinfold thickness, and their rates of smoking and alcohol 
consumption were half that of the city dwellers. Therefore, 
the apparently protective effect of physical activity was not 
fully independent; it could just as likely be explained by the 
marked reduction among the farmers in the known risks of 
smoking and drinking alcohol. Thus, a conclusion that the 
active lifestyle of the farmers protected against CHD deaths 
must be accepted with an element of caution.

Another application of the cross-sectional study is 
determining the prevalence of selected conditions and health 
behaviors for the purpose of public health planning and sur-
veillance. For example, through the Behavioral Risk Factor 
Surveillance System (BRFSS), which is maintained by the 
CDC in Atlanta, physical activity and other health behaviors 
are routinely assessed in each of the states (16). This infor-
mation is useful in establishing the current physical activity 
patterns among demographic groups and geographic regions. 
The BRFSS has recently reported that, on average, about 
30% of US adults are inactive during their leisure time, fail-
ing to meet the 2018 Physical Activity Guidelines for Ameri-
cans (17). A wide variation in the prevalence of leisure-time 
physical inactivity among adults 18 years and older across 
the United States is shown in Figure 1, with states in the 
West reporting lower estimates of physical inactivity com-
pared, for example, with states in the Southeast (18).

Relevant to the issue of validity among exposure or 
outcome measures used in epidemiologic studies is the use 
of the kappa statistic. This is a measure of the degree of non-
random agreement between measurements of the same cat-
egorical variable (e.g., activity counters vs. physical activity 
questions). If the measures agree more often than expected 
by chance, kappa is positive; if concordance is complete, 
kappa = 1; if there is no more nor less than chance concor-
dance, kappa = 0; if the measures disagree more than 
expected by chance, then kappa is negative (1). When devel-
oping measures to be used in studies and where a “gold 
standard” is lacking, the comparison of valid and reliable 
measures using the kappa statistic is advantageous.

Case-Control Study

When there are no clear suspected causes of a disease, an 
epidemiologist operates very much like a detective, attempt-
ing to piece together causes after the fact. In this situation, 

the most common design is the retrospective case-control 
study. This approach can be compared to a flashback in cin-
ematography (14). An example of a retrospective case-con-
trol study is the Seattle Heart Watch Study (19), which 
examined 1,250 cases of sudden cardiac death among men 
and women aged 25 to 75 years living in the Seattle area to 
determine the association of physical activity habits with 
risk of sudden cardiac death. Of these cases, 163 were 
selected in which subjects had appeared risk-free prior to the 
time of their fatal heart attack. Spouses were interviewed 
about the decedent’s physical activity at work and during 
leisure time during the year preceding death. Each case was 
paired with a randomly selected control who had similar age, 
smoking habits, and blood pressure. Low activity on the job 
and low or moderate activity during leisure were unrelated 
to death rate. However, people in the top 50% of participants 
in vigorous physical leisure activities as determined by using 
the metabolic equivalent of task unit categories that were 
equivalent to 60% (i.e., vigorous intensity) of aerobic capac-
ity or higher (jogging, climbing stairs, chopping wood, 
swimming, singles tennis) had just 40% of the risk for sud-
den cardiac death when compared with cases who spent no 
leisure time performing vigorous physical activities (18).

Prospective Cohort Study

A prospective study permits observation of the characteris-
tics and behaviors of a group or cohort of people across time. 
It permits a natural history of physical activity, fitness, and 
health-related events to be chronicled as they occur, much 

FIGURE 1. Prevalence of physical inactivity among women, 
United States, 2017. Data source: Behavioral Risk Factor 
Surveillance System (BRFSS), Centers for Disease Control and 
Prevention (16).
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like a motion picture. Because it is longitudinal, a prospec-
tive cohort design enables an investigator to measure physi-
cal activity and health-related events at multiple points in 
time and consequently test whether an association between 
physical activity and a low rate of disease is persistent.

The Aerobics Center Longitudinal Study measured 
physical fitness defined as endurance time on a treadmill test 
in over 10,000 men and 3,000 women at the time they par-
ticipated in a preventive medical examination (20). The men 
and women were re-examined about 8 years later. During the 
period of observation, 240 deaths among men and 43 deaths 
among women occurred after about 110,000 person-years of 
exposure. Age-adjusted death rates (per 10,000 person-years 
of exposure) from all causes were lower with each succes-
sive level of fitness in men from the least fit (64 deaths) to 
the most fit (19 deaths), and similarly in women from the 
least fit (40 deaths) to the most fit (9 deaths) (20). The effects 
of higher fitness were independent of age, smoking, choles-
terol concentration, systolic blood pressure, blood sugar, and 
parental history of coronary heart disease. Much of the 
decreased death was explainable by reduced rates of cardio-
vascular disease and all-site cancers (20).

The Randomized Clinical Trial (RCT)

This study design is considered the “gold standard” to deter-
mine whether associations uncovered in epidemiologic 
observations represent cause-and-effect relations. The valid-
ity of the RCT depends on having a representative popula-
tion sample and matching treatment and control groups with 
respect to characteristics thought to affect outcome. The 
random assignment of subjects to the treatment or control 
group is essential to equally distribute known and unknown 
confounding variables between groups.

Examples of a randomized study design in exercise sci-
ence are secondary prevention trials among heart attack 
survivors and persons with chronic heart failure to determine 
whether exercise training reduces recurrence rates of mor-
bidity and premature death.

For example, in a study performed in Finland (21), 375 
men and women who had survived a myocardial infarction 
at the time of hospitalization were randomized into either a 
multiple risk factor intervention group or a control group. 
The intervention group (which included exercise) had a sig-
nificant reduction in total cardiovascular mortality and car-
diac sudden death, but not in reinfarcation. However, 
because there was no evidence of improved physical fitness 
on bicycle ergometer testing in the intervention group, the 
independent effect of exercise was not clearly demonstrated 
(21).

In the United States, part of the multicenter HF-
ACTION (Exercise Training Program to Improve Clinical 
Outcomes in Individuals with Congestive Heart Failure) trial 
sought to evaluate the influence of baseline physical activity 
levels on responses to aerobic exercise training and clinical 
events in outpatients with chronic systolic heart failure.

Changes among 742 patients in exercise capacity, all-
cause mortality, cardiovascular mortality, and hospitalization 

were evaluated as a function of the baseline tertiles (three 
evenly divided groups) of physical activity (22). At baseline, 
the highest physical activity tertile showed greater peak oxy-
gen uptake, cardiopulmonary exercise test duration, and 
6-minute walk test distance than the other two physical activ-
ity tertiles. Compared to the lowest physical activity tertile, 
the middle tertile had an 18% lower risk of cardiovascular 
disease and hospitalizations, and the upper tertile showed a 
23% lower risk of cardiovascular disease death and heart 
failure hospitalizations. The investigators concluded that 
patients with chronic heart failure exposed to aerobic exer-
cise training significantly improved exercise test duration to 
a similar extent across all baseline physical activity tertiles. 
Despite these differences, there were no significant differ-
ences in event rates within each physical activity tertile com-
paring the subgroups randomized to exercise training versus 
usual care (22).

Assessment of Causality

Community-based or clinic-based interventions are estab-
lished on the presumption that the associations found in 
epidemiologic studies are causal rather than occurring by 
chance or because of bias. However, in most instances in 
which epidemiologic methods are used to observe health 
events in the population, the circumstances do not permit the 
investigator to absolutely prove that an association is causal. 
That said, several cardinal principles or criteria have been 
used in epidemiologic research for judging the strength of 
inference drawn from studies about the cause-and-effect 
relationship between a factor such as physical inactivity and 
a disease or injury. These criteria were initially developed by 
Sir Bradford Hill (known as the Hill Criteria) and are often 
cited as a checklist for causality in epidemiologic studies 
(23; see Text Box).

Strength of Association

The first criterion is that studies show a statistically mean-
ingful association (i.e., not likely to be explainable by ran-
dom or chance observation) between physical activity and 
lowered prevalence or incidence of disease. The stronger 
these associations, the less likely they are the result of con-
founding or bias.

Consistency of Association

Consistency is achieved when the association of increased 
physical activity or fitness with lower rates of disease is 
similar for different types of people, in different geographi-
cal regions, and when different measures or components of 
physical activity or fitness are used. Consistency of associa-
tion makes bias an unlikely explanation for such a series of 
observations.

Specificity of Association

Even though a study may show a dose-response pattern 
between increasing levels of physical activity and decreased 
risk for disease, the pattern of reduced risk seen with increas-
ing levels of physical activity must remain in the presence 
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and in the absence of other potential causes of the disease. 
An illustration of this criterion, taken from the physical 
activity and CHD literature, is the Harvard Alumni Study 
carried out by Paffenbarger (24).

Temporality

For a lower rate of disease or death associated with higher 
levels of physical activity or fitness to be interpreted as being 
possibly caused by activity or fitness, sedentary or unfit 
subjects must be similarly as healthy at the onset of the study 
as are subjects determined to be more physically active or 
fit. Also, the measurement of physical activity or fitness 
must precede the measurement of subsequent events of dis-
ease or death.

Biologic Gradient

If physical activity exerts a protective effect for reducing 
disease, injury, or death (or conversely, causes some kinds of 
injury), it should be possible to determine some systematic 
pattern of relationship between increasing levels of physical 
activity and altered rates of disease, injury, or death. If rate 
ratios vary randomly across levels of activity or across dif-
fering changes in physical activity, an attempt to explain that 
physical activity was causally responsible for the variation 
would be uncompelling. The most convincing pattern would 
be a linear gradient of decreased rate ratios that was propor-
tional to each increment of increased physical activity or 
physical fitness. It is also possible that the dose-response 
relationship is curvilinear, such that each successive incre-
ment in physical activity or fitness corresponds with an 
accelerating change in the rate ratio of disease, injury, or 
death. A negatively accelerating dose-response would indi-
cate an attenuation of benefit, meaning that the proportion-
ately largest reduction in the rate ratio would be noted at 
relatively low levels, or across small increases, of physical 
activity or fitness, with reductions becoming progressively 
smaller at the higher levels, or at larger increases, in physical 
activity or fitness. A positively accelerating relationship 
would indicate the converse; in other words, larger benefits 
would occur at higher levels, or greater changes, of physical 
activity or fitness. Finally, it is possible that a threshold of 
response may exist rather than the typical graded pattern. 
That is, there may be some minimal level of physical activity 
or fitness that explains all, or nearly all, of the altered rate 
ratios. Once the minimal threshold is exceeded, no further 
change in disease, injury, or death would be observed.

Plausibility

Even when the preceding criteria have been met, the overall 
case established for cause-and-effect will remain weak if the 
association between increased physical activity and 
decreased disease or death cannot be explained. A convinc-
ing explanation requires evidence that physical activity or 
physical fitness induces biological changes that are coherent 
with the current etiology (i.e., understanding of the causes 
and course of development) and the pathophysiology (i.e., 

the process by which the function of cells and systems dete-
riorate) of a disease.

Coherence

Once the proper temporal sequence is established, it is still 
important to determine whether an association noted between 
physical activity or fitness and disease rates remains as time 
passes and that the evidence is not contradictory to the 
known biology and natural history of the disease.

Experimental Evidence

The most compelling evidence that increased physical activ-
ity reduces rates of disease or death would come from an 
experiment conducted in a large group of initially healthy 
people drawn randomly from a total population, with the 
participants randomly assigned to at least three levels of 
physical activity of differing intensity or amount, or to a 
control group that remained sedentary for several years. 
However, a study like this would be extremely costly, diffi-
cult to manage, and require tremendous resources, including 
funding.

In the absence of a population experiment, confirmation 
must come from studies of lower animals. Studies using rats, 
dogs, and nonhuman primates show favorable changes in the 
cardiovascular system after exercise training. In addition, 
many clinical studies with small groups of humans show that 
physical activity can reduce mild hypertension and alter 
blood lipids, blood sugar, clotting factors, and white blood 
cells in positive ways, as well as stimulate bone mineral 
density and reduce depression, to name a few benefits. Such 
clinical experiments are important for demonstrating the 
efficacy of physical activity for health-related outcomes and 
for building a stronger case for biologically plausible mecha-
nisms. Nonetheless, they cannot demonstrate that the bene-
fits observed for small select groups of people are generaliz-
able to larger segments of the population.

Analogy

When many studies find associations between physical 
activity or fitness with reduced risks of disease or death, it is 
more likely that each study estimated the same true effect of 
physical activity. When studies do not agree, it must be 
determined whether the differences can be explained by 
study-related factors. An example is a study’s potential use 
of different, or sometimes inaccurate, methods of measuring 
or defining physical activity, fitness, or health-related out-
comes (i.e., measures were imprecise or not comparable 
among the studies). Another example is comparisons of 
physical activity or fitness levels without proper control or 
accounting of other factors that might have contributed to 
rates of disease or death more than did the differences in 
activity or fitness (i.e., independence was not uniformly 
assured among the studies). Sometimes studies are hampered 
by improper and misleading uses of statistical theory and 
tests (i.e., computations of rates or the conclusions reached 
from the rates were wrong). Finally, differences between 
physical activity/fitness and health-related measures may 
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exist because (a) different types of people were observed, (b) 
different characteristics/components of physical activity or 
fitness were measured/manipulated, or (c) different amounts/
levels of physical activity or fitness were compared.

When all other criteria for judging the scientific 
strength of cause-and-effect evidence are satisfied, the 
number of studies finding results that agree determines the 
confidence with which it can be concluded that physical 
activity or fitness improves health or longevity. As is the 

case for the other criteria, the number of studies that agree 
differs widely according to the disease or health outcome 
studied. An example of the application of the Hill Criteria 
is the review by Powell and co-workers (25) examining 
the relationship between physical activity and the inci-
dence of CHD. These authors set forth a compelling case 
for the cause-and-effect relationship between increasing 
levels of physical activity and the prevention of CHD in 
their review (25).
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THE HILL CRITERIA (23)

1.	Strength: Stronger associations are less easily explained away by confounding than weak associations.
2.	Consistency: Similar conclusions are found from among diverse methods of study and in different populations under a 

variety of circumstances.
3.	Specificity: Exposure is linked to a specific effect or mechanism.
4.	Temporality: Exposure always precedes the disease or outcome in time.
5.	Biological Gradient: Increases in exposure dose translates into an increased dose-response in risk.
6.	Plausibility: Appears worthy of belief—that is, the mechanism must be plausible in the face of known biological facts.
7.	Coherence: The data/facts stick together to form a coherent whole.
8.	Experimentation: Experimental evidence supports observational evidence—based on biological and/or clinical studies.
9.	Analogy: Similarities are seen among observed things/data that are otherwise different (this is considered a weak form 

of evidence). Example: Before HIV was discovered, epidemiologists noticed that AIDS and hepatitis B had analogous 
risk groups, suggesting similar types of agents and transmission.
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