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Multivariate analysis has become a major statistical
tool for medical research. It is most commonly
used for adjustment — the process of correcting

the main effect for multiple variables that confound the re-
lation between exposure and outcome in an observational
study. Any apparent relation between estrogen replacement
and dementia, for example, should be adjusted for socio-
economic status, a variable that is known to relate both to
access (and thus the likelihood of having received estrogen)
and to measures of cognitive function (and thus the likeli-
hood of being diagnosed with dementia). The capacity to
account for numerous variables (e.g., income, education
and insurance status) simultaneously constitutes a major ad-
vance in the ability of researchers to estimate the true effect
of the exposure of interest.

But this advance has come at a cost: the actual relation
between exposure and outcome is increasingly opaque to
readers, researchers and editors alike. We and others have
pointed out that the most common summary statistics of
multivariate analyses — ratio measures such as odds ratio
and relative risk — obscure the most fundamental measure
of occurrence: the frequency of the outcome.1–5 Less atten-
tion has been given to another common practice in multi-
variate analysis: assuming that a continuous relation be-
tween exposure and outcome adequately represents the
underlying data. Deceptively simple decisions about the
shape of the relation can have profound implications on
how results are interpreted. 

In this article, we explore this issue using 2 case studies of
recent original investigations from 2 prominent medical
journals. Both used population-based data of the highest
quality and appropriately called on multivariate analysis to
adjust for important confounders. In both cases, however, we
demonstrate how assuming a continuous relation between
exposure and outcome produced misleading results. We
conclude with suggested guidelines for researchers who are
trying to communicate the findings of multivariate analyses
and for readers who are trying to make sense of them.

Mediterranean diet

Reported data (continuous relation assumed)

In the summer of 2003, a study relating a Mediterranean
diet to reduced mortality was published.6 The investigation

used data collected as part of the European Prospective In-
vestigation into Cancer and Nutrition, a detailed study of
diet and health coordinated by the International Agency for
Research on Cancer that involved over a half million peo-
ple in 10 European countries. The exposure was the degree
of adherence to a Mediterranean diet, as measured by a dis-
crete integer score that ranged from 0 to 9. The outcome
was number of deaths per person-year of observation.

The investigators used a Cox proportional hazard model
in their main analysis. A Cox model uses a series of vari-
ables to predict the risk over time of an event, in this case
death. The purpose of using this method was to identify
the independent effect of diet on mortality while control-
ling for the potentially confounding effects of factors such
as age, weight and smoking. Each variable being used to
predict mortality has an associated coefficient (generally
symbolized with β), which communicates the independent
effect of that variable on mortality after adjusting for other
factors in the model. A simplified version of this model is: 

mortality = function (β1 × Mediterranean diet score + β2 × age 
+ β3 × weight +…+ βn × smoking)

The output that is of greatest interest is the coefficient
on the Mediterranean diet score, which was expressed as a
hazard ratio (the relative risk for death for an additional in-
crement in the diet score). Because there is a single coeffi-
cient for the diet score, the assumed relation in this model
is linear: each additional point on the score will result in a
fixed percentage change in mortality (with the sign on the
coefficient indicating increase or decrease).

The main result of this investigation, as reported in the
abstract, was that “a higher degree of adherence to the
Mediterranean diet was associated with a reduction in total
mortality (adjusted hazard ratio for death associated with
a two-point increment in the Mediterranean-diet score,
0.75).” In other words, for every additional 2 points (great-
er adherence to a Mediterranean diet) mortality will fall by
25%. The rational inference given such a finding is simple:
the more one adheres to a Mediterranean diet, the lower
the risk of death. 

The categorical data approach

To better understand the relation between diet and
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mortality, we began by dividing the numbers in the first 2
rows of Table 1 in the original article to get the rate of
death per 1000 person-years for men and women in each
of the 3 adherence categories for Mediterranean diet: less
adherence (diet score 0–3), moderate adherence (diet score
4–5) and greater adherence (diet score 6–9). This same ap-
proach was used by the editors of the journal in which the
study was published to produce the synopsis figure that ap-
peared in “This Week in the Journal,” the editors’ sum-
mary of the featured articles in the issue.7 (The figure
showed only the death rates for the extreme diet categories
and left out the moderate adherence category).

We then generated a prediction line that assumed a con-
tinuous relation, as was done in the original article. The
prediction line was calculated by plotting the observed rate
of death in the largest category (moderate adherence) and
then applying the hazard ratio of 0.75 for each 2-point in-
crement in the Mediterranean diet score to generate addi-
tional data points above and below moderate adherence.
We then superimposed the model’s prediction line on the
categorical data. 

Comparing reported and categorical data

As Fig. 1 shows, the categorical data suggest a different
result than when a continuous relation is assumed. Al-
though the model predicts a constant decline in mortality
(25% decrease for every 2 points), the categorical data
shows a substantial decline between less adherence and
moderate adherence, but not between moderate and
greater adherence. In fact, for men, there is a slight in-
crease in mortality between the moderate and high adher-
ence categories. Although the categorical data are un-
adjusted, Table 4 in the original article shows that
adjustment has a minimal effect. (And because people in
the greatest adherence category tend to be younger, an
age-adjusted rate of death for this group would be slightly
higher than is shown.) So the inference given the categori-
cal data is more tempered: although moderate adherence
to a Mediterranean diet is associated with a reduction in
the risk of death, high adherence may have no additional
benefit.

Body weight

Reported data (continuous relation assumed)

At the beginning of 2003 a study investigating the years
of life lost because of excess body weight was published.8

The investigation used data collected by the National
Health and Nutrition Examination Survey (NHANES),
the US government’s major effort to comprehensively ex-
amine a representative sample of the American public. In
addition to a detailed history and physical and laboratory
examination at intake, long-term mortality data were also
obtained. In this investigation, the exposure of interest was

body mass index (BMI) and the outcome was number of
deaths per person-year of observation (which was subse-
quently translated into years of life lost).

The investigators also used a Cox proportional haz-
ard model, in this case to identify the independent ef-
fect of BMI on mortality while controlling for the po-
tentially confounding effects of age and smoking.
However, instead of using a single variable to represent
exposure, the investigators (on the basis of previous
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Fig. 1: Reported findings assuming a continuous relation (solid
lines) v. re-analysis using the categorical data approach (bars)
in a study of Mediterranean diet and mortality. 
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work) chose to use 2: BMI and BMI squared. A simpli-
fied version of this model is:

mortality = function (β1 × BMI + β2 × BMI2 + β3 × age 
+…+ βn × smoking)

In this model, the output of interest is the combined ef-
fect of the coefficients on the BMI variables. Because there
are 2 (and because one is a squared term), the assumed rela-
tion in this model is not a line, but a U-shaped parabola.
This model assumes there must be 1 value of BMI with the
lowest mortality and that mortality increases smoothly for
BMIs above and below that value.

The main result of this investigation, as reported in the

abstract, was that the “optimal BMI (associated with the
least years of life lost or greatest longevity) is approximately
23 to 25 for whites” and that there was steady decrease in
life expectancy for BMIs above that. No attention was
given to the other half of the parabola — BMIs below the
optimal value. The rational inference given these results is
straightforward: having a BMI greater than 25 kg/m2 is as-
sociated with an increase in the risk of death.

The categorical data approach

To better understand the relation between body weight
and mortality, we sought to calculate the rates of death ac-
tually observed in discrete BMI categories. Because the
original article did not include these data, we obtained the
publicly available NHANES data used by the investigators
(14 407 adults completing an examination in NHANES I
from 1971 to 1975 and 9252 adults completing an examina-
tion in NHANES II from 1976 to 1980). We focused on
white men and women, in whom, in the original article, in-
creased BMI appeared to be most consistently related to in-
creased mortality (among older blacks, obesity appeared to
be protective). The data included 3124 deaths among white
men and 2463 deaths among white women. As in the origi-
nal article, mortality data are adjusted for age and smoking
status using a Cox proportional hazard model. Unlike the
original analysis, however, we did not assume a U-shaped
parabola. Instead we specified BMI using 16 discrete cate-
gories, each of which had at least 45 deaths (and at least 100
deaths in all but the 2 most extreme obesity categories). 

We then generated a prediction line assuming a contin-
uous relation, as was done in the original article. The pre-
diction line was drawn using the coefficients posted on the
Web site supporting the article. To ensure that we were us-
ing identical data, we replicated the investigators’ U-shaped
Cox proportional hazard model in the NHANES data and
obtained the same coefficients.

Comparing reported and categorical data

Fig. 2 superimposes the risk of death for discrete BMI
categories on the continuous prediction from the model.
Again, the actual result is more complex than is suggested
when a continuous relation is assumed. Although the model
predicts increasing mortality above a BMI of 25 kg/m2, the
categorical data show that the harmful effect of body mass
does not consistently appear before the obese categories
(BMI > 30 kg/m2) — there is little effect on mortality for in-
tervening BMI categories. In fact, the categorical data show
that people with normal weight (BMI 18.5–25 kg/m2) had a
slightly higher mortality than those who were overweight
(BMI 25–30 kg/m2), although none of these differences are
statistically significant. Again the inference given the cate-
gorical data is more tempered: although extremes of weight
in either direction are associated with a higher risk of death,
being overweight may not be.
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Fig. 2: Reported findings assuming a continuous relation (solid
lines) v. re-analysis using the categorical approach in a study
of body weight and risk of death.  RR = relative risk. Note that
the BMI categories are not equally spaced: for example, obesity
data appear in 2-unit BMI categories to ensure sufficient sam-
ple size. Data are restricted to white people.
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Implications

Table 1 summarizes the effect of assuming a continuous
relation between exposure and outcome in these 2 case
studies. In each case the assumption leads to a qualitatively
different finding and one that may exaggerate the effect of
the relation. 

Our critique should not be misconstrued as suggesting
that multivariate analysis is inherently misleading. Instead
we view the technique as a major advance that, by adjusting
for confounding, can help uncover the true effect of an ex-
posure. At the same time, the research community should
acknowledge that the technique’s inherent complexity
means that it is widely seen as a black box that tends to dis-

tance readers, reviewers, editors and even researchers from
the underlying data.  Nor are we suggesting that modelling
a continuous relation is always inappropriate. We do be-
lieve, however, that such modelling is likely overused, that
it further adds to complexity of multivariate analysis and,
thus, that it further distances people from data.

We believe the assumption of a continuous relation is
less the result of a considered decision than a practice born
out of convention and convenience. The convention is that
biologic relations ought to be smooth — which, in turn,
engenders a strong desire to present them as such. The
convenience is evident in the effort to summarize the rela-
tion between multiple levels of exposure and the outcome
in a parsimonious manner, ideally using a single number.
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Table 1: Effects of assuming a continuous relation between exposure and outcome in 2 studies

Variable Mediterranean diet and mortality Body weight and years of life lost

Study question How does adherence to a Mediterranean
diet affect longevity?

How does excess body weight affect
life-expectancy?

Data source European Prospective Investigation into
Cancer and Nutrition

National Health and Nutrition Examination
Survey

Continuous relation assumed
Shape of prediction line Straight line (linear) U-shaped (parabola)
Result as reported in
abstract

“adjusted hazard ratio for death associated
with a two-point increment in the
Mediterranean-diet score, 0.75”

“optimal BMI (associated with the least
years of life lost or greatest longevity) is
approximately 23 to 25 for whites”

Inference The more one adheres to a Mediterranean
diet, the lower the risk of death

Excess body weight increases the risk of death

Categorical data approach
Result Although less adherence to  a

Mediterranean diet was associated with
higher mortality, the mortality differences
between moderate and greater adherence
were small. In men, greater adherence was
actually associated with higher mortality.

Although obesity (BMI > 30 kg/m2) and
underweight (BMI < 18.5 kg/m2) were
associated with substantially higher mortality,
there was little difference in the intervening
BMI categories. In general, people with
normal weight (BMI 18.5–25 kg/m2) actually
had slightly higher mortality than those who
were overweight (BMI 25–30 kg/m2).

Inference Moderate adherence to a Mediterranean diet
is associated with a reduction in the risk of
death, but high adherence may have no
additional benefit.

Extremes of weight are associated with higher
risk of death, but being overweight may have
no effect on mortality.

Note: BMI = body mass index.

Table 2: Guidance for reporting the results of multivariate analyses that assume a
continuous relation between exposure and outcome

Step Purpose Expression of exposure

1. Report crude rates for discrete
categories

Communicate the relation that is
actually observed in the data

Categorical

2. Report fully adjusted rates for
discrete categories

Communicate observed relation
adjusted for all relevant confounders

Categorical

3. Provide summary measure (e.g.,
slope) or illustration (e.g., graph)
of continuous relation

Communicate hypothesized relation
between exposure and outcome

Continuous

4. Superimpose continuous relation
on categorical results

Communicate both categorical and
continuous relations

Both



This, in turn, requires modelling a fairly simple, generally
linear, relation. 

The strategy for researchers to avoid misleading find-
ings due to such modelling is straightforward: report cate-
gorical findings. Examining categorical data before model-
ling is, of course, standard statistical practice — all we are
suggesting is reporting this important step. A simple col-
umn graph showing the risk for discrete exposure cate-
gories is our recommendation for quickly communicating
the crude shape of the relation. 

Reporting some intermediate steps of the analytical
process before presenting a model that assumes a continu-
ous relation will help everyone reconnect with the underly-
ing data. Table 2 provides one vision of how this might be
done. The first step is simply to report the crude rates of
the outcome for discrete exposure categories. In other
words, report what is actually observed. Examining cate-
gorical data before modelling is an important statistical
practice, and authors should report the results of this step.
This step is also the time to communicate another piece of
basic information that readers and editors require to more
fully understand the data: the size of various exposure
groups. The second step is to report adjusted rates for dis-
crete categories. Some may choose to report a hierarchy of
adjusted results, starting with the most fundamental con-
founder — age — before moving on to adjust for other,
less obvious confounders. This approach has the advantage
of illustrating the effect of adjustment and where it is really
important. The third step is to report the proposed contin-
uous relation either with a summary measure (e.g., slope)
or an illustration (e.g., graph). Finally, the proposed contin-
uous relation should be superimposed on the adjusted cate-
gorical results to help judge its validity. Some investigators
may need to present results with variables modelled as both
categorical and continuous and provide an interpretation if
there is a discrepancy. Others may choose not to assume a
continuous relation and instead simply report the categori-
cal data.

Such straightforward data reporting creates a difficult
challenge for researchers: how best to categorize exposure
data. The answer is based on some combination of the need
to use readily understandable cutoff points and the need to
reasonably reflect the underlying distribution of exposure.
Producing readily understandable cutoff points often in-
volves digit preference (i.e., using round or whole numbers)
or using cutoff points that connect to some external stan-
dard (i.e., regulation, standard definition, common prac-
tice). Reflecting the underlying distribution requires avoid-
ing creating categories in which there are few observations,
a discipline that can only improve the communication of
what is really observed and what is really most relevant.
Finding the balance in meeting these demands requires real
work, but researchers must work hard to communicate the
actual data in front of them.

The strategy for readers (as well as reporters and edi-
tors) trying to interpret multivariate analyses is to ask 3 ba-

sic questions. First, can I understand the levels of exposure?
As a test, imagine communicating them to a patient (e.g.,
explain what “moderate adherence” means). Second, do I
have some sense of the common categories of exposure? In
other words, determine the levels of exposure that most
people have. Finally, is the rate of outcome for these cate-
gories available? That simply implies knowing what hap-
pened to people in common exposure categories. If one
cannot confidently answer Yes to these 3 questions, it is
hard to imagine how the results could be useful to our pa-
tients or the public. 

Although multivariate analysis is an important tool to
minimize the influence of confounding variables, it may
also tempt researchers to assume that the relation between
an exposure and a health outcome is continuous. Re-
searchers should examine categorical data before modelling
a continuous relation and report these results. Reporting
outcome data for discrete categories of exposure may help
readers more accurately understand the benefits and harms
of various health behaviours.
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