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ATTRIBUTABLE RISK

Attributable Risk

Primary Disciplinary Field(s): Epidemiology, Biostatistics, Public Health

1. Core Definition

The concept of Attributable Risk (AR), also frequently referred to as the Attributable Fraction or
Etiologic Fraction, is a fundamental measure in epidemiological research designed to quantify the
portion of disease incidence within a specific population that can be directly attributed to a prior
exposure to a defined risk factor. Unlike measures of association, such as Relative Risk (RR) or
Odds Ratio (OR), which focus on the strength of the relationship between exposure and outcome,
AR focuses specifically on the public health impact and burden of the disease that could
theoretically be prevented if the causal exposure were eliminated. This measure is critically
important because it shifts the focus from merely identifying dangerous exposures to calculating
the practical payoff of intervention strategies.

Formally, Attributable Risk represents the difference in the incidence rate of a disease between
those exposed to a risk factor and those who are unexposed. This absolute difference provides the
clearest measure of the excess risk experienced by the exposed group specifically due to that
exposure. For instance, if the incidence of a specific disorder is 10 cases per 1,000 person-years
among those exposed to Factor X, and 2 cases per 1,000 person-years among those unexposed,
the AR would be 8 cases per 1,000 person-years. This figure (the incidence rate difference) is the
amount of disease incidence that can be considered to have been caused by the exposure,
providing a direct metric for the preventable fraction of disease in the exposed group.

The source material encapsulates this idea by noting that Attributable Risk refers to "the amount of
variance exposure to this factor can explain,” highlighting its role in causal inference and
guantifying the contribution of a single factor to a complex outcome. A classic example illustrating
this is the relationship between tobacco use and lung cancers. While not all lung cancers are
caused by smoking, a large, quantifiable portion of the total incidence rate is attributable solely to
tobacco exposure. Calculating this attributable risk allows public health officials to estimate the
massive reduction in cancer rates that would follow the successful eradication of smoking, thereby
prioritizing preventative policies.

2. Calculation and Types

Attributable Risk is expressed primarily through two distinct, yet related, quantitative methods: the
Attributable Fraction (AF) or Attributable Risk Percent, and the Population Attributable Risk
(PAR). The choice between these measures depends on whether the researcher is interested in
the impact within the group already exposed, or the overall impact across the entire study
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population, which includes both exposed and unexposed individuals. Both rely fundamentally on
comparing the incidence of disease in the exposed group ($1_e$) versus the incidence in the
unexposed group ($1_u$).

The Attributable Fraction (AF), sometimes called the Etiologic Fraction, measures the proportion
of disease incidence among the exposed group that is due to the exposure. It is typically
expressed as a percentage and calculated using the formula: $AF = (I_e - |_u) / |_e$. Alternatively,
AF can be calculated directly from the Relative Risk (RR) using the formula: $AF = (RR - 1) / RR$.
If the Relative Risk of developing lung cancer among smokers compared to non-smokers is 10,
then the Attributable Fraction is $(10-1)/10 = 0.90$, meaning 90% of the lung cancer cases among
smokers are attributable to smoking itself. This measure is critical for understanding the strength of
the etiological contribution within the high-risk group.

Conversely, Population Attributable Risk (PAR) is arguably the more powerful metric for public
health policy. PAR quantifies the proportion of disease incidence in the entire population that can
be attributed to the specific exposure. It takes into account both the strength of the association
(RR) and the prevalence of the exposure ($P_e$) in the overall population. The PAR is calculated
as the difference between the incidence in the total population ($I_t$) and the incidence in the
unexposed group ($1_u$): $PAR = 1_t - |_u$. A high PAR indicates that the removal of the risk
factor would lead to a substantial reduction in the overall disease burden in the community, even if
the individual risk (AF) is only moderate, provided the exposure is highly prevalent.

The percentage version of this, Population Attributable Fraction (PAF), is calculated by dividing
PAR by $I_t$. This provides a clear percentage representing the total disease burden that could be
avoided if the exposure were eliminated from the entire population. It is mathematically
demonstrated that high PAFs can arise either from a risk factor with a very high Relative Risk (e.g.,
rare exposures like specific carcinogens) or from a risk factor that is moderately risky but extremely
common (e.g., diet, sedentary lifestyle, or environmental pollution).

3. Etymology and Historical Development

The development of Attributable Risk as a formal measure is inextricably linked to the post-World
War Il transition in epidemiology from the study of acute infectious diseases to the complex,
multifactorial analysis of chronic diseases, such as cardiovascular disease and cancer. Early
epidemiological work focusing on establishing causality, notably the seminal studies linking
smoking to lung cancer conducted by researchers like Sir Austin Bradford Hill and Richard Doll in
the 1950s, necessitated tools that could quantify the societal burden of identified risk factors
beyond simple association.

While the basic idea of comparing exposed and unexposed incidence rates existed, the
mathematical framework defining the Attributable Fraction and Population Attributable Risk was
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formalized by epidemiologists, including Levin (1953) and later Miettinen (1974), who refined the
terminology and provided robust statistical methods for calculating these fractions. The shift was
crucial: establishing that smoking increases the risk of lung cancer (a Relative Risk measure) tells
researchers about etiology; calculating the Attributable Risk tells policy makers how many lives
could be saved by reducing smoking prevalence (a public health measure).

The formalized adoption of AR measures coincided with the rise of preventative medicine and
public health campaigns in the 1960s and 1970s. As public health bodies began to grapple with the
growing crises of chronic non-communicable diseases, they required metrics that could effectively
prioritize interventions based on expected population impact. AR provided this essential
framework, transforming epidemiological findings into actionable policy insights that quantify the
potential preventive effect of eliminating specific environmental or behavioral hazards.

4. Application in Public Health

The primary significance of Attributable Risk lies in its direct utility for public health practice, policy
formulation, and resource allocation. Because PAR incorporates the prevalence of the exposure, it
provides a realistic estimate of the maximum benefit achievable if a specific risk factor is eliminated
or significantly reduced within a population. This allows health agencies, such as the World Health
Organization (WHOQO) or the Centers for Disease Control and Prevention (CDC), to strategically

target interventions where they will yield the greatest reduction in disease burden.

For instance, a risk factor might have a very high Relative Risk (e.g., exposure to a rare industrial
toxin), but if only 0.01% of the population is exposed, the PAR will be small, suggesting that
intervention, while necessary for the few affected, will not significantly move the overall needle on
population health. Conversely, if a factor like high blood pressure or excessive salt intake has only
a moderate Relative Risk, but affects 60% of the population, the resulting PAR is likely immense,
making large-scale dietary or therapeutic interventions a top public health priority. Attributable risk
thus serves as an economic and strategic tool to compare the effectiveness of different prevention
programs.

Furthermore, AR is integral to comprehensive global burden of disease studies, which attempt to
guantify the morbidity and mortality caused by various risks, including environmental factors,
metabolic factors, and behavioral choices. By calculating the Population Attributable Fraction for
dozens of risks--from air pollution to obesity--researchers can systematically rank which risk factors
contribute most significantly to deaths and disability-adjusted life years (DALYs) worldwide. This
robust application underpins global health initiatives aimed at achieving ambitious targets for
disease reduction.
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5. Methodological Considerations and Limitations

Despite its immense practical value, Attributable Risk is subject to several significant
methodological limitations that require careful consideration during interpretation and application.
The most fundamental limitation is the requirement of a causal assumption. AR measures
guantify the proportion of incidence *due* to the exposure; if the association is merely statistical
(confounded or non-causal), the resulting AR calculation is misleading regarding potential
prevention. Therefore, AR is meaningful only when based on strong epidemiological evidence of
causality, often satisfying criteria such as the Bradford Hill criteria.

Another major limitation revolves around confounding variables. If the relationship between the
exposure and the disease is confounded by other factors (e.g., socio-economic status influences
both smoking rates and poor diet), the AR estimate for the primary exposure will be biased unless
advanced statistical methods are used to control for these variables. In complex, real-world
scenarios where lifestyle factors cluster, achieving a precise, unbiased estimate of AR for a single
exposure can be exceptionally challenging, potentially leading to over- or underestimation of the
preventable burden.

Moreover, Attributable Risk estimates often face challenges related to multifactorial etiology and
interaction. Most chronic diseases, such as heart disease, are caused not by a single factor, but by
the complex interplay of dozens of factors. Standard AR calculation assumes independence
between risk factors, which is rarely true. When factors interact synergistically (e.g., alcohol
consumption and smoking risk for oral cancer), calculating the unigue, non-overlapping AR for
each factor becomes mathematically difficult, often resulting in the sum of individual ARs
exceeding 100% of the disease incidence, known as over-specification. Advanced modeling
techniques are required to partition the joint effects accurately.

Finally, AR is highly context-dependent and lacks generalizability across populations. Since PAR
depends heavily on the prevalence of the exposure ($P_e$), an AR estimate derived from a
population with a high prevalence of smoking (e.g., 1960s Western Europe) will be drastically
different from the AR derived from a population with low smoking prevalence, even if the biological
risk (RR) remains constant. Therefore, AR must be calculated specifically for the target population
where interventions are planned, meaning estimates cannot be universally applied without
recalculation and validation.

6. Distinction from Related Measures

It is essential to distinguish Attributable Risk from other measures commonly employed in
epidemiological research, primarily Relative Risk (RR) and Absolute Risk (AR, in the sense of
incidence rate). The Relative Risk provides a ratio comparing the incidence rate in the exposed
group to the incidence rate in the unexposed group. It quantifies the strength of association and is
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primarily used for causal inference. A high RR (e.g., 5 or 10) indicates a strong association, but
tells nothing about the actual frequency of the disease or the societal burden.

In contrast, Attributable Risk (specifically, the incidence rate difference) provides an absolute
measure of the excess disease cases observed in the exposed group. While RR is dimensionless
and ranges from zero upward, AR is expressed in the units of incidence (e.g., cases per 1,000
person-years). This absolute difference represents the quantifiable, preventable disease incidence,
making it an entirely different dimension of analysis compared to the ratio provided by the RR. The
focus shifts from "How much stronger is the risk?" (RR) to "How many cases are actually caused?"
(AR).

The relationship between the two is interdependent: a factor must have an RR greater than 1.0 to
have a positive Attributable Risk. However, a factor with a moderate RR, but high prevalence, can
yield a far greater Population Attributable Risk than a factor with an extremely high RR but low
prevalence. This analytical distinction underscores why epidemiologists use both types of
measures--RR for establishing etiology and AR/PAR for guiding public health policy and assessing
the expected impact of interventions.

7. Further Reading

Attributable Fraction (Wikipedia)
Calculating Attributable Risk and Population Attributable Risk (Boston University School of Public

Health)

Glossary of Epidemiology Terms (CDC)
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