wsms Life, 61(4): 391-393, April 2009

Feature Article

Why Epidemiological and Clinical Intervention Studies Often Give

Different or Diverging Results?

Henrik E. Poulsen'?, Jon Traerup Andersen’, Niels Keiding2’3, Tina Ken Schramm?,

Rikke Sgrensen®, Gunnar Gislasson®, Emil Loldrup Fosbgl® and Christian Torp-Pedersen>*
'Department of Clinical Pharmacology Q7642, Rigshospitalet, University Hospital Copenhagen, Copenhagen, Denmark
2University of Copenhagen, Faculty of Health Sciences, Copenhagen, Denmark

3Department of Biostatistics, Faculty of Health Science, Institute of Public Health, University of Copenhagen,

Copenhagen, Denmark

“Department of Cardiology, Gentofte University Hospital, Hellerup, Denmark

In this response, we will interpret “epidemiological” as
“observational studies”, and “clinical intervention” studies as
“randomised studies”. A prototype epidemiological study would
be a cohort study, and a prototype clinical intervention study
would be a randomised, placebo-controlled double blinded
study.

The question is of interest not only because there sometimes
is a discrepancy between epidemiological and clinical interven-
tion studies but also because when the subject is of interest to
the public, news media coverage may provide a biased view on
the magnitude of the problem, so the “often” in the question is
not correct. Furthermore, detailed review of analyses/re-analysis
of the discrepant trials can provide close agreement, and also
provide focus on better ways of analysing epidemiological stud-
ies. We would like to draw attention to subjects that illustrate
this, one concerns the benefit/harm of the use of hormone
replacement therapy (HRT) and the other is the benefit/harm of
the use of antioxidant vitamins.

For HRT, the interested reader should read the paper and
subsequent discussion by Prentice et al. (/), and the latest con-
clusion (2). In this particular case, the discrepancy between epi-
demiology and clinical intervention studies seems to be reduced
or eliminated when the important variable “time since start of
exposure” is included in the analysis.

In other cases, that is, the antioxidant intervention trials (see
below) other issues are important, for example, it might not be
the antioxidants in the diet that are the health-promoting sub-
stances or the dose levels chosen in the clinical trials that is too
high as indicated by very high plasma levels in the treated
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group (3). In other cases the problems may arise due to other
issues.

The basic idea behind observational studies is to examine
groups of people or patients for exposures and associate the
results with a disease outcome. Exposure in the epidemiological
sense is very broad and can include drugs, diet, talking over tel-
ephone, etc. One example of an observational study: people
who eat large amounts of fruits and vegetables have lower
occurrence of certain cancers (4). Based on this, it has been rec-
ommended to the European populations that they should eat
more fruits and vegetables because of a cancer preventive
effect. The basic assumption behind the jump from association/
exposure to clinical advice is that the association demonstrated
represents a causal relation. The other possibility is that fruit
intake is also related to other health-promoting factors. For an
epidemiological study to be accepted as demonstrating a causal
relationship, it is necessary that you can convincingly adjust the
result for confounders. The problem is that there may be factors
of importance and which are either unknown or poorly under-
stood. The possibility of hidden bias may cause the analysis to
provide a false result.

The basic idea behind randomised trials is different: take a
defined group or population of people or patients, divide them
at random into two groups, and treat the two groups (preferably
blinded) with two different interventions for a defined period
and measure if there is a difference in disease outcome. The
strength of this approach is that the randomisation process
removes bias. This approach is considered superior to the obser-
vational study, quite simply because it tests whether the change
in “treatment/intervention” leads to a change in disease,
whereas the observational study assumes that if such a treat-
ment/intervention were done, it would lead to a change in dis-
ease. However, the clinical intervention trial is almost always
performed in tightly defined groups, which narrows the possibil-
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ity of generalising the results. A clinical intervention trial can-
not always answer the clinician’s questions because of ethics or
other hindrances.

Because of the actual experimental intervention, the clinical
intervention trial has been considered an unbeatable standard in
clinical research and established the hierarchy of study designs
for intended effects of therapy. However, it should also be
acknowledged that observational studies allow studies of associ-
ations between a wide variety of exposes or characteristics and
clinical outcomes of interest. On the other hand, clinical inter-
vention trials study the effect of a given treatment or interven-
tion at high cost and severe demand on logistics, and in practice
cannot provide information on long-term effects. The following
heavily advocated hierarchy [of study design for intended
effects of intervention (5)] is thus valid only under these restric-
tions, and is particularly relevant in cases of new drug treat-
ments:

1. Evidence obtained from at least one properly randomised
controlled trial.

2. (a) evidence obtained from well-designed controlled trials
without randomisation, (b) evidence obtained from well-
designed cohort or case—control analytical studies, prefera-
bly from more than one centre or research group, (c¢) evi-
dence obtained from multiple time series with or without
the intervention. Dramatic results in uncontrolled experi-
ments (such as, the results of the introduction of penicillin
treatment in the 1940s) could also be regarded as this type
of evidence.

3. Opinions of respected authorities based on clinical experi-
ence, descriptive studies and case reports, or reports of
expert committees.

With a firm belief in the hierarchy, it is very easy to answer
the question “Why do epidemiological and clinical intervention
studies often give different or diverging results?” by a very
simple answer: Clinical intervention trials are superior to obser-
vational studies, so in case of non-agreement, the observational
study was biased and therefore gives a false estimate of effect.

It has been advocated: “If you find a study was not rando-
mised (i.e. a clinical intervention study in the present context),
we’d suggest that you stop reading it and go on to the next arti-
cle” (6). The answer, unfortunately, is not as simple as that.

We have several objections to this simplistic attitude towards
epidemiological studies. It is well appreciated that also clinical
intervention trials have limitations and problems. For example,
the patient populations investigated often differ from those
receiving drugs in everyday practice. Trials on treatments that
give effects after long-time periods, years or decades, can suffer
from baseline drift and changes in life-style, etc. that can
obscure intervention effects. Sometimes it is impossible to fulfil
the very important blinding, and difficult to sustain the interven-
tion, for example, calorie-restriction or other dietary interven-
tion. Also, effects may be dependent on unknown factors, for

example, genetic factors or variables like single nucleotide
polymorphisms, where one non-classifiable group will have
opposite effects to the remaining part of the population, and
bring about an overall negative and deleterious effect, even
though a large subgroup may benefit from the intervention.
Finally, clinical intervention trials are extremely resource
demanding in time, money, intellectual resources, available sub-
jects/patients, etc. In summary, randomised clinical trials are
only performed for highly selected questions, their complexity
results in short follow-up and populations, which questions the
general validity.

Therefore, to only conduct and accept clinical intervention
trials will greatly limit knowledge and it is simply necessary to
include epidemiological studies while accepting their limita-
tions. Fortunately, techniques have been developed that increase
the validity of the epidemiological approach. A multivariable
approach using techniques such as regression models, for exam-
ple Cox regression, has improved the analysis of epidemiologi-
cal studies, but also has limitations. The use of propensity
scores and matching has in many cases provided very close
relationships between randomised studies and observational
studies. Also, case-crossover and related techniques, where each
patient serves as his own control at a different time period have
provided important results in situations where a randomised
study is impossible.

Regarding adverse drug or treatments effects, it is very
costly and difficult to conduct clinical trials. Adverse effects
must be assumed to be much less frequent that the intended
effects, so to get sufficient power in the trials on adverse
effects, the demand on observation number and so forth
increases dramatically, and in many cases makes a randomised
study impossible.

A first example is the divergent results between epidemiol-
ogy and clinical intervention studies: large scale observational
studies showed a 35-45% reduction of myocardial infarction
with hormone replacement therapy (HRT) with oestrogen and
progesterone (7), which was in line with estrogens protecting
women from development of arteriosclerosis. A controlled
trial challenged this (8), including evidence from three further
intervention trials, and a meta-analysis concluded that “HRT
users had a significant increased incidence of breast cancer,
stroke, and pulmonary embolism, and significantly reduced
incidence of colorectal cancer and fractured neck of the fe-
mur”; there were no significant change in coronary heart dis-
ease (9). The impact on HRT use was profound, with a reduc-
tion to 50% (/0). As mentioned in the introductory para-
graphs above, careful reanalyses have been performed, which
make these apparent discrepancies much less dramatic or
even non-existent.

A second example is that of beta-carotene, where numerous
observational studies showed reduced cancer incidence in
groups with high intake of vegetables containing beta-carotene
[see references in ref. (4)]. A large intervention trial (3) showed
an opposite effect with increased incidence of lung cancer in
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subjects given tablets with beta-carotene. The same study
showed that in the placebo group; pre-trial levels of beta-caro-
tene in plasma were associated with a reduced lung cancer inci-
dence.

Agreement between epidemiology and clinical intervention
studies has been summarised in New England Journal of Medi-
cine:

In 21 observational studies reported between 1985 and 1998
and matching clinical intervention trials there was little evi-
dence of larger estimates of effects in observational studies
compared with intervention trials (//). Among the 21 studies,
19 different intervention studies provided similar estimates as in
controlled trials, and only slightly higher estimates in two epi-
demiological studies compared with intervention trials. This
study indicates that the discrepancy between clinical and epide-
miological studies is not as profound as suggested by the stories
in news media.

Examples of studies, where randomised studies are non-fea-
sible:

A classical example where randomisation is impossible is
the relationship between the use of mobile phone and driving
and crashes. With the use of a case-crossover design, it could
be established that the use of a mobile phone 10 min before a
crash was associated with a four-fold increased likelihood of
crashing (/2). Another example is malformation due to drug
use in relationship with pregnancy. Using an epidemiological
approach and the nationwide Danish records on drug dispensing
from pharmacies and the nationwide national registers of hospi-
tal discharge diagnoses, we have been able to find increased
rates of malformation with the use of certain antibiotics. Again,
a randomised study could never be carried out, as it would be
un-ethical, logistically and financially impossible to randomise
almost a million potentially pregnant women to treat with an
active drug or placebo. Another example is the use of non-ste-
roidal anti-inflammatory drugs in the general and healthy popu-
lation. We showed that the risk of death is increased with high
doses of such drugs, with multivariate Cox analysis, with pro-
pensity score analysis, and with case-crossover analysis of more
than 1 million people (/3). Such a design minimises the risk of
uncontrolled bias. A randomised study of that size is theoreti-
cally possible, but will never be done because of logistic and
fiscal limitations.

Although the hierarchy of study design, given above, clearly
places the randomised controlled trial at the top, one should re-
alize for discovery, explanation and idea generation; the pro-
gress still depends on a process in the reverse order, starting
with anecdotal cases and series, and observations of epidemio-
logical nature.

A critical and intelligent scrutiny of clinical data, which
being from clinical intervention trials or from epidemiological
studies, is always needed to progress our understanding and
intervention strategy in prevention and disease.
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