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Confounding in Observational Studies Explained
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Abstract: Practical and ethical constraints mean that many clinical and/or epidemiological questions cannot be answered
through the implementation of a randomized controlled trial. Under these circumstances, observational studies are often
required to assess relationships between certain exposures and disease outcomes. Unfortunately, observational studies are
notoriously vulnerable to the effect of different types of “confounding,” a concept that is often a source of confusion
among trainees, clinicians and users of health information. This article discusses the concept of confounding by way of
examples and offers a simple guide for assessing the impact of is effects for learners of evidence-based medicine.
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INTRODUCTION

On the pyramid of evidence in the evidence-based
medicine world, meta-analyses of randomized controlled
trials (RCTs) sit atop other forms of evidence. In the absence
of meta-analyses, RCTs still sit above other study designs
since the process of randomization generally accounts for
known and unknown confounders being evenly distributed
between comparison groups [1]. Unfortunately, however,
there are many questions in medicine and public health
which will never be answered by a double-blind randomized
placebo controlled trial. The affects of smoking and the
development of lung cancer is the classic historical example,
although there are many other exposure (e.g. pollution)
disease associations that have proven causal through
assessment in observational studies.

Among observational studies, cohort studies can be
thought of as natural experiments in which outcomes are
measured in real world rather than experimental settings [2].
As clinicians, we commonly must rely on observational
studies to answer questions for which the implementation of
a RCT would be inappropriate or impossible, while
simultaneously recognizing that observational studies have a
greater propensity for bias. Unfortunately, observational
studies are notoriously vulnerable to the effect of
“confounding,” a concept that is often a source of confusion
among medical students, residents, clinicians and users of
public health information. This article outlines the concept of
confounding by way of examples and offers a simple guide
for assessing the impact of its effects for learners of
evidence-based medicine.

CONFOUNDING

The term “confounding” is used commonly in the
medical literature, but when asked to define the concept,
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clinicians often encounter difficulty. As will be described
below, there is variability in the impact of confounding
variables in observational studies. In general, for a variable
to be a confounder in a particular study, the formal definition
requires that it must meet two criteria: the first is that it must
be related to the outcome of interest in terms of prognosis or
susceptibility. The second criteria, which explains why it is
more commonly seen outside the setting of RCTs, is that the
distribution of the confounding factor is different in the
groups being compared [3]. More broadly, confounding can
be defined as a mixing of effects between the exposure of
interest, the disease, and a third factor (i.e. the confounder)
that is associated with the exposure that independently
affects the risk of developing the disease.

When assessing the impact of an exposure on an
outcome, we often summarize the magnitude of association
by using an “effect estimate.” Depending on the study design
and statistical method being used, an effect estimate may be
calculated using relative risks, absolute risks, odds ratios, or
a hazard ratio to represent the magnitude of association
between an exposure and outcome of interest. When
considering the potentially confounding effect of the third
factor, it is also critical to remember that a confounding
variable can create a spurious association, or this variable
may be distributed between study groups so as to mask a
causal association.

Fig. (1) demonstrates this concept by way of a well-
known historical example. Many years ago, investigators
reported an association between coffee drinking and
pancreatic cancer in an observational study [3]. If we take
coffee as our exposure of interest and correlate it with an
increased development of pancreatic cancer there is the
potential, as was the case with these investigators, to be
misled if there is a third causal factor, such as cigarette
smoking, that was more common among those who reported
drinking coffee. With this example in mind, one can easily
see how an unmeasured variable — when not evenly
distributed between study groups — can easily “confound” a
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study by leading to a spurious association that is solely due
to the effect of this third variable.
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Fig. (1). demonstrates that coffee (exposure) was associated with an
increased risk of developing pancreatic cancer (disease) with the
dark arrow. A third factor, smoking, which is a confounder is
actually correlated with an increased risk of developing pancreatic
cancer (light arrow). Coffee was spuriously correlated with
increasing the risk of developing pancreatic cancer and once the
confounding variable, smoking is taken into account the correlation
between coffee and pancreatic cancer disappears. It should be noted
that both smoking and coffee are also both correlated for
confounding to occur (two-way arrow).

Post-marketing surveillance has become a powerful tool
in determining the safety profile of many medications
currently on the market and a prime example may be the
association between bisphosphonates and osteonecrosis of
the jaw [4-7]. The pathogenesis of osteonecrosis of the jaw is
not well understood and has been associated when
bisphosphonates are administered intravenously for skeletal
complications of malignancy [5]. A similar link has not been
demonstrated in patients with osteoporosis when these
agents are administered orally and in low doses [5].
However, when considering post-marketing surveillance data
one must not overlook the impact that confounding may
play. For example, a recent population-based case-control
study found that “ever-use” of oral alendronate was
associated with an increased risk of incident atrial fibrillation
[8]. However, since osteoporosis affects older people who
are at higher risk of atrial fibrillation, subsequent studies -
which adjusted for age - demonstrated no evidence of an
overall long-term increased risk of atrial fibrillation
associated with alendronate or risedronate [9].

When potential confounding variables have been
measured (e.g. smoking), the possible role of confounding
can be assessed when examining for a change in the strength
of the effect estimate before and after statistical adjustment.
If the confounding variable fully explains the association
between an exposure and disease in its entirety, this can
reduce the likelihood of residual confounding being present.
In the bisphosphonate example above, this would be
demonstrated by an estimate of the strength of an association
(e.g. odds ratio) going from 5.0 to 1.0 after consideration of
the confounding variable (e.g. age). Unfortunately, since
there may be a myriad of measured and unmeasured factors
in observational studies, the interpretation of confounding is
not always this simple.

A decision about the impact of confounding generally
assumes that a confounding variable has been perfectly
measured because there is also a risk of “residual
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confounding.” In the case of variables like gender or age,
exact measurement is usually possible and we can rule out
residual confounding. For other confounders, such as
cigarette smoking or alcohol consumption, it may be very
difficult to accurately estimate the actual exposure. For
example, simply asking about previous and current smoking
status does not capture the diverse range of tobacco
exposures (e.g. cigarettes per day, light vs regular cigarettes,
filtered vs unfiltered, second hand smoke exposure, depth of
inhalation, etc). Under these circumstances residual
confounding might be suspected when an effect estimate is
diminished by statistical adjustment, but the remaining
association is felt to be due to imprecise measurement of the
confounder or unmeasured confounding variables that were
not measured.

A famous example of residual confounding was seen in
an evaluation of a needle exchange program in Montreal,
Canada [10]. Although needle exchange programs have been
shown to reduce the spread of HIV infection among
intravenous drug users [11] when this study was adjusted for
age, sex, and language it reported a risk of HIV infection
among drug users of 2.6 (95% Confidence Interval: 1.7 —
4.0) in comparison to those that did not use the exchange
[10]. However, when adjusted for addiction treatment and
drug use, it was found that the association diminished to 1.8
(95% Confidence Interval: 1.1 — 2.9), and the effect estimate
became 1.7 (95% Confidence Interval: 1.0 — 2.7) after
further adjustment [10]. Although there remained a
statistically significant 1.7 times higher rate of HIV infection
among those using the needle exchange, the overall higher
risk profile of exchange users and the difficulty in precisely
measuring risk profiles, implies that the remaining difference
was a result of residual confounding. In reality, it is often
difficult to know if a diminished statistical association is due
to partial or residual confounding and the key for
practitioners of evidence-based medicine is to examine how
an effect estimate changes after statistical adjustment or
stratification across a known confounder.

Critically appraising medical literature requires clinicians
and public health practitioners to develop a healthy level of
skepticism along with an understanding of fundamental
epidemiologic concepts. Confounding is an often confusing
notion that is often misunderstood by learners and clinicians
alike, however it is a real world phenomenon that one must
be aware of and account for to avoid spurious results.
Without the knowledge of the concept of confounding
learners of evidence-based medicine are at a disadvantage in
interpreting an association reported in a research study.
Observational studies may be vulnerable to the impact of
confounding, particularly if investigators are not aware of
their implications and how to identify them. Clinicians may
be mindful of confounding and also aware of the impact of
residual confounding so they may critically appraise the
medical literature.
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