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Abstract
Objectives: There is large variation in the results of studies on the association
between periodontitis and systemic diseases. The variation might be explained by the
fact that the association between periodontitis and systemic diseases is confounded, or
the association might be modified by extraneous factors. In this article, we show, using
simple examples, how confounding and effect modification may cause variation in
results. In addition, these examples show that uncontrolled or partially controlled
confounders can induce spurious associations.

Conclusion: Confounding and effect modification may explain the variation in the
results of studies on the association between periodontitis and systemic diseases.
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Although confounding and effect
modification are basic concepts in quan-
titative research, they are not always
treated in an appropriate manner in
epidemiological studies on the associa-
tion between periodontal and systemic
diseases. In many reports, no stratifica-
tion to detect possible effect modifica-
tion or confounding and subsequent
reporting of estimates is performed
even when there is previous evidence
that effect modification or confounding
can exist.

The prevailing praxis to analyse the
association between periodontitis and
cardiovascular diseases (CVD) appears
to be to use multivariate models such as
a logistic regression model, for example,
where potential confounders such as

smoking and other risk factors for
CVD are included in the model. An
aspect that has often been ignored is
that multivariate models with a single
estimate require homogeneity of the
effect across the different levels of the
extraneous variables. This means, for
instance, that the effect of exposure on
outcome should be approximately the
same among non-smokers and smokers,
or across the different age groups. How-
ever, previous studies have shown that
the strength of the association between
periodontal diseases and CVD is differ-
ent between smokers and never-smokers
(Hujoel et al. 2002, Hyman et al. 2002).

The fact that the strength of the
association varies may be because of
effect modification or confounding, or

both. Hyman et al. (2002) suggested that
smoking modifies the effect of perio-
dontal diseases on CVD by being a
necessary cofactor. Several researchers
have suggested that there is substantial
confounding related to the measure-
ments and operationalization of smok-
ing history (Miettinen 1985, pp. 42–43,
Scott et al. 2001, Hujoel et al. 2002,
Spiekerman et al. 2003). Furthermore,
variation in results may be because of
random variation or biases related to the
detection and reporting of periodontal
diseases and systemic diseases.

Below, definitions of confounding
and effect modification as well as
some related concepts are presented.
We also present some aspects related
to the identification and subsequent
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handling of confounding and effect modi-
fication. We demonstrate confounding
and effect modification using algebraic
examples, and the effect of incomplete
controlling of confounders using simu-
lation data.

Definitions of Effect Modification and
Confounding

The basic difference between effect
modification and confounding is that
effect modification is a property of the
effect while confounding can be consid-
ered a confusion of the effects (Rothman
& Greenland 1998, pp. 120, 254). The
term confounding refers to a situation
where the categories of the exposure
variable are different in relation to
extraneous determinants (Fig. 1). Con-
founder is defined as ‘an extraneous
determinant of the outcome parameter
in terms of which there is lack of
comparability of the effects and/or
populations’ (Miettinen 1985, pp. 12,
321–322). For example, gender, age,
health behaviour and socioeconomic
status are often associated with the out-
come and unevenly distributed among
exposed and unexposed subjects, caus-
ing confounding.

Effect modification is the inconstancy
in the magnitude of the effect across
levels of another subject characteristic,
while an effect modifier is a subject
characteristic on which the effect
depends (Miettinen 1985, p. 332). Nor-
mally, there always exists some effect
modification, and rarely is there any
basis to expect that the effects are equal
in different categories or strata (Roth-
man & Greenland, p. 51). In perio-
dontology, one example of effect
modification is that smokers experience
less reduction in probing depth after
non-surgical periodontal treatment com-
pared with non-smokers (Labriola et al.
2005). Another example of effect mod-
ification is the association between
cyclosporine medication and gingival
overgrowth, where gingival overgrowth
is modified by the presence of gingival
inflammation (Pernu et al. 1992). A

variation in the effect in different sub-
groups (effect modification) and a lack
of comparability between exposed and
unexposed subjects (confounding) can
exist simultaneously.

Interaction, which is the same as
effect modification, occurs when the
magnitude of the chosen measure of
association between a variable and an
outcome varies according to the level of
the third variable. Rothman and Green-
land make a distinction between statis-
tical interaction and biological interac-
tion. They define biological interaction
as participation of two component
causes in the same sufficient cause.
This is sometimes also called causal co-
action or joint action (Rothman &
Greenland 1998, pp. 11–12). Statistical
interaction refers to a situation where
the interaction term (product term) has a
statistically significant non-zero value in
a regression model. In the case of a linear
regression model, statistical interaction is
a departure from additive relation, which
corresponds to effect modification. Sta-
tistical interaction in the case of ratio
measure (e.g. odds ratio, rate ratio) is a
departure from a multiplicative relation.
As many models are multiplicative in
nature, biological interaction may be
present without statistical interaction.

Evaluation of Effect Modification and
Confounding

The decision concerning the treatment
of effect modification is related to pre-
vious knowledge. There are alternatives
relating to the study design on how to
handle effect modification. Firstly, one
can restrict the analysis to the homo-
geneous subdomain of the potential
modifier. Secondly, one may study the
relation with a design that assures the
informativeness of the modification of
the effect (Miettinen 1985, pp. 38–39).

Effect modification can be assessed
using regression models or statistical
tests such as a test of heterogeneity.
However, Rothman and Greenland sug-
gest the use of stratified data as an
interim tool in data analysis. They sug-
gest that in stratified data, stratum-spe-
cific estimates should be calculated first,
and if effect modification is present,
stratum-specific estimates should be
reported since summary estimates do
not convey information on the pattern
of variation of stratum-specific esti-
mates. In a situation where data are
reasonably consistent, a singular esti-
mate should be calculated either by

summarizing stratum-specific estimates
or by ignoring the stratification variable,
depending on the situation, and the
p-value for this should be calculated
(Rothman & Greenland 1998, p. 254).
As an alternative to stratification, regre-
ssion models with product term can be
used to obtain stratum-specific esti-
mates. For the sake of simplicity,
many researchers do not report stra-
tum-specific estimates if the variation
in the estimates is small.

The following criteria to identify
actual confounders can be used: (1) it
must be predictive for the disease, (2) it
must be associated with the exposure
under study, and (3) it must not be a link
in the causal path between the exposure
and the outcome. As the underlying
causal models can be highly complex,
the selection of confounders requires
theoretical knowledge about their rela-
tion. Without theoretical knowledge, the
causal model could be wrongly specified
(Robins 2001, Merchant & Pitiphat
2002). It may be helpful to use a gra-
phical representation of causal models,
which may offer guidance in the selec-
tion of the relevant confounders to be
controlled. There exist articles with ex-
amples of the use of causal graphs in
epidemiological research, such as arti-
cles published by Robins (2001), Green-
land & Brumback (2002) and Merchant
& Pitiphat (2002). The latter gives
examples on dental research and is
highly recommended to all those who
are engaged in quantitative research.

Confounding can also be evaluated
and controlled in the analysis by using
multivariate models, stratification or,
in some cases, by standardization. A
change in the magnitude of a parameter
estimate in models with and without a
potential confounder could be used to
assess the magnitude of confounding. In
the study design, confounding can be
controlled by randomization (experi-
mental studies), restriction or by match-
ing either on an individual level or
on a group level (observational studies).
However, successful controlling of con-
founders depends on the quality of the
measurement. In some instances, the
measurement of confounders, such as
age or gender, is quite simple, while in
others it is not so straightforward. For
example, the measurement of socioeco-
nomic status or behavioural factors,
such as smoking and drinking habits,
can be more complex. The translation of
such conceptual confounders into opera-
tional criteria may involve difficulties or

Confounders
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Fig. 1. Structure of confounding.
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failures, which may lead to the conclu-
sion that a non-experimental study is not
feasible (Miettinen 1985, p. 43).

Examples of Confounding and Effect
Modification

Algebraic examples

In our first example, smokers have a
fivefold risk of getting periodontitis, and
a threefold risk of getting CVD com-
pared with non-smokers (Table 1). In
this example, those who have perio-
dontitis have a 1.6-fold risk of develop-
ing CVD compared with those without
periodontitis (Table 2).

In order to find out whether the rela-
tion is confounded by smoking, we cal-
culated stratum-specific estimates for
smokers and non-smokers. In this exam-
ple, stratum-specific estimates showed
that there was no association between
periodontitis and CVD (Table 3). In this
case, the association between perio-
dontitis and CVD found in the unstrati-
fied data was because of confounding.

In the second example, those with
periodontitis have a 1.6-fold risk of
getting CVD compared with those with-
out periodontitis. In this example, the
relation between exposure and outcome
disease was modified by a hypothetical
susceptibility factor. The calculation of
stratum-specific estimates showed that
those with a susceptibility factor have a
high risk for disease (RR 5 4.3), while
those without such a factor have a
slightly elevated risk for disease (RR 5
1.2). There was no confounding in
this example as the susceptibility factor
(modifier) was equally distributed
among those who had periodontitis and
those who did not (Table 4).

It is possible that the relation between
exposure and outcome is simultaneously
modified and confounded by an extra-
neous factor, as in our third example,
where there were the same risks for
CVD as shown in Table 2, but the
stratum-specific estimates were differ-
ent, being 1.5 and 1.0. As the suscept-

ibility factor (modifier) was not equally
distributed in the categories of the expo-
sure variable (periodontitis), the modi-
fying variable was simultaneously a
confounder (Table 5).

Example of confounding in the simulation

data

We constructed a data set through simu-
lation consisting of 1000 samples of
10,000 study subjects. This example
illustrates the effect of confounding in
a situation that resembles a normal
epidemiological study with independent
risk factors for both periodontitis and
CVD and, in addition, more than one
confounder. In this example, we demon-
strate a situation where one of the con-
founders is left uncontrolled.

We constructed the data set so as to
have no causal association between
periodontitis and CVD. Both perio-

Table 1. Relation of smoking to periodontitis and to cardiovascular disease

Periodontitis Cardiovascular Disease

Smoking yes no yes no

Yes 1000 1000 2000 450 1550 2000
No 200 1800 2000 150 1850 2000

1200 2800 4000 600 3400 4000
RR 5 5.00 (1000/2000)/(200/2000) RR 5 3.00 (450/2000)/(150/

2000)

Table 2. Relation of periodontitis to cardio-
vascular disease

Cardiovascular Disease

Yes No
Periodontitis

Yes 240 960 1200
No 360 2440 2800

600 3400 4000
RR 5 1.56 (240/1200)/(360/2800)

Table 3. Relation of periodontitis to cardiovascular disease according to smoking habits

Cardiovascular disease

non-smokers smokers

Periodontitis yes no yes no

Yes 15 185 200 225 775 1000
No 135 1665 1800 225 775 1000

150 1850 2000 450 1550 2000

RR 5 1.00(15/200)/(135/1800) RR 5 1.00(225/1000)/(225/1000)

Table 4. Relation of periodontitis to cardiovascular disease according to a hypothetical suscept-
ibility factor

Cardiovascular Disease

No susceptibility factor Susceptibility factor

Periodontitis yes no yes no

Yes 162 798 960 78 162 240
No 318 1922 2240 42 518 560

480 2720 3200 120 680 800

RR 5 1.19(162/960)/(318/2240) RR 5 4.33(78/240)/(42/560)

Table 5. Relation of periodontitis to cardiovascular disease according to a hypothetical suscept-
ibility factor that is simultaneously an effect modifier and a confounder

Cardiovascular Disease

Susceptibility factor No susceptibility factor

Periodontitis yes no yes no

Yes 200 600 800 40 360 400
No 200 1000 1200 160 1440 1600

400 1600 2000 200 1800 2000

RR 5 1.50(200/800)/(200/1200) RR 5 1.00(40/400)/(160/1600)
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dontitis and CVD as continuous vari-
ables were constructed through a linear
regression model where the outcome
diseases had separate independent vari-
ables and two independent variables that
were common to both diseases (con-
founders). There is no effect modifica-
tion in this example either, i.e. there are
no product terms in the linear regression
models through which the data were
constructed. In our data set, CVD and
periodontitis were classified so that
CVD was given a prevalence of 15%
and periodontitis 30%. We constructed
10% random variation in the simulated
variables. The basic structure of the
simulation data is presented in Fig. 2.

The data were generated using the
SAS program and was analysed using
the SAS GENMOD procedure, version
8.02. We analysed the data by using
generalized linear models with a bino-
mial distribution and a logit link func-
tion (logistic regression model).

The distributions of explanatory vari-
ables and the associations between

explanatory variables and the outcome
variable are presented in Table 6. The
results showed that incomplete con-
trolling of confounders (absence of
one confounder) may induce spurious
associations between periodontitis and
CVD. In situations where both confoun-
ders were included in the model, the
estimates were close to null association.
Our simulations showed that restriction
to the subgroups of a confounder elim-
inates the effects of confounding.

Discussion

Observational as well as interventional
studies in periodontology may be con-
founded, or the relation between expo-
sure (intervention) and outcome may be
modified by extraneous factors. Poten-
tial confounders or effect modifiers
include sex, age, bacterial burden and
susceptibility factors, for example. As
shown in our examples, uncontrolled
confounding or partially controlled con-
founding may induce spurious associa-
tions between exposure and outcome.
Depending on the magnitude of effect
modification, it may be less of a concern
than confounding (e.g. 2). However, if
the magnitude of effect modification is
unknown, it may have serious analytic
implications.

Our examples as well as our simula-
tion data are simple examples in many
respects. Diseases are binomially dis-
tributed (Yes/No), and the number of
explanatory variables is restricted. How-
ever, these examples resemble many

epidemiological studies in the relation
between periodontitis and systemic dis-
eases, with smoking as a confounder in
the sense that a moderate association is
found in the total data, but not among
the subgroup of never-smokers (Hujoel
et al. 2002, Hyman et al. 2002). This
discrepancy suggests that smoking is an
important effect modifier or a confoun-
der or both.

It is known that smoking is a risk
factor for periodontitis and for many
systemic diseases including CVD. How-
ever, attempts have seldom been made
to control smoking otherwise than by
using multivariate models, and often
with very robust measurements of
smoking. Previous studies strongly sug-
gest that proper adjustment for smoking
is not feasible when studying the rela-
tion between periodontitis and CVD.
Most often, documentation of smoking,
especially past smoking, is not com-
plete. Individual factors including cul-
tural, psychological and cognitive fac-
tors probably cause underreporting of
smoking (Scott et al. 2001). Spiekerman
et al. (2003) studied the reporting of
current smoking by comparing serum
cotinine measurements with self-re-
ported smoking data, and they found
that self-reported smoking underesti-
mates current smoking. In addition to
the fact that smoking history is subject
to errors, smoking as a confounder has
special features that may prevent con-
trolling, namely that smoking history is
difficult to conceptualize for any given
purpose (Miettinen 1985, pp. 42–43,
Hujoel et al. 2002). In these situations,
it is possible that only restriction to the
non-exposure category provides uncon-
founded results. Indeed, it should be
used when appropriate adjustment for
known confounders is not possible
(Rothman & Greenland 1998, pp. 143–
145, Miettinen 1999). However, restric-
tion has several drawbacks, one notably
being that the study offers a poor basis
for generalizing the results. This may
cause concern, if the relation under
study is assumed to vary across the
different categories of the extraneous
determinant. On the other hand, a repre-
sentative study and thus a homogeneous
sample of the general population ‘‘can
produce unstable and hence ambiguous
or even conflicting estimates across sub-
groups, and thus leave the very exis-
tence of the effect in doubt’’ (Rothman
& Greenland 1998, p.145).

In observational studies, heterogene-
ity in relation to the subjects’ character-

Risk factors for 
periodontitis

Periodontitis
Cardiovascular 

disease

Confounders
Risk factors for 
cardiovascular 
disease

Fig. 2. Basic structure of the simulation data.

Table 6. Associations between explanatory variables and outcome variable, proportions, odds
ratios and their 95% confidence intervals (CI)

Explanatory variable Proportion (%) Cardiovascular disease
odds ratios (95 % CI)n

No controlling
Periodontitisw 29.9 2.17 (1.94–2.43)
Confounder onew 50.0 3.81 (3.36–4.32)
Confounder twow 30.0 3.62 (3.23–4.05)

Complete controlling (both confounders are controlled)
Periodontitisw 29.9 0.99 (0.87–1.13)
Confounder onew 50.0 4.13 (3.61–4.74)
Confounder twow 30.0 3.94 (3.47–4.46)

Incomplete controlling (one confounder is controlled)
Periodontitisw 29.9 1.56 (1.38–1.75)
Confounder onew 50.0 3.38 (2.97–3.86)

Stratification according to dichotomous confounder two
Strata one

Periodontitisw 50.5 1.00 (0.84–1.20)
Confounder onew 50.0 3.61 (3.00–4.35)

Strata two
Periodontitisw 21.1 1.00 (0.83–1.21)
Confounder onew 50.0 4.90 (3.99–6.02)

nMean value of the 1,000 simulations.
wReference category: no disease or no risk.
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istics causes a situation where con-
founding and/or effect modification are
possible. Our example where the rela-
tion is modified by susceptibility factors
resembles studies on aetiological factors
of periodontitis. For example, differ-
ences in host response may explain
why, in some people, the disease pro-
gresses rapidly to a more severe form
while the progress is slower in other
people. At present, knowledge about
factors that modify the relation between
aetiological factors and periodontitis is
quite limited, but research has suggested
that genetic predisposition could be an
important susceptibility factor (Kinane
et al. 2005). Previously, it has been
estimated that genetic susceptibility
accounts for about half the variation in
periodontal disease (Michalowicz et al.
1991, 2000). On the other hand, genetic
factors are not likely to be confounders
in aetiological studies as they most
likely are equally distributed between
exposed and unexposed if the study is
large enough and carried out in a rela-
tively homogeneous population in rela-
tion to ethnic origin. In addition to
aetiological studies, effect modification
affects the results of intervention stu-
dies. For example, the effect of treat-
ment may be observed in groups of
individual with certain characteristics,
for example, among non-smokers or
among study subjects with good com-
pliance. If trials are constructed in such
situations in a heterogeneous population
in relation to these characteristics, it is
possible that the beneficial effects are
not be found or shown with sufficient
precision. It may also be the case that
the invention may have a beneficial
effect in one subgroup of patients, while
it may have adverse effects in another
subgroup.

All observational studies are at risk of
yielding spurious associations as there is
always some uncontrolled confounding
related to an unmeasured common cause
of which we are unaware (Robins 2001).
In addition, there are factors such as

health behaviours, especially smoking
habits that are known and are measur-
able, but may still cause a substantial
amount of confounding. The misclassi-
fication of confounders is a more serious
problem than the misclassification of
exposure or outcome variables, since
the misclassification of exposure or out-
come is usually a quantitative error
attenuating the association, but misclas-
sification of confounders causes a qua-
litative error leading to bias in either
direction (Rothman & Greenland 1998,
p. 133).

Our examples showed the risks for
confounded estimates and consequently
incorrect conclusions if effect modifica-
tion is ignored or if uncontrolled con-
founding exists.

Most likely, the differences in the
handling of confounders, including
the measurement of confounders, and
the ignoring of possible modifiers is one
explanation for the variation in the results
of the studies on the association between
oral diseases and systemic diseases.
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Clinical Relevance

Scientific rationale: The associations
between periodontal and systemic
diseases might be biased because of
confounding. In addition, the relation
might be modified by extraneous
variables.

Principal findings: Our examples
showed that incomplete controlling
of confounders induces bias. Incom-
plete controlling of confounders and
ignored effect modification may be
responsible for the variation in
results of studies on the association
between oral and systemic diseases.

Practical implications: The pre-
sence of confounding and effect
modification should be assessed.
Where confounders cannot be con-
trolled or effect modification cannot
be assessed, restriction or stratifica-
tion may provide unconfounded
results.
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