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Abstract

Background. Public Health is the main discipline involved in the prevention of avoidable deaths. To
implement interventions aimed at eliminating causes of death, and to take decisions based on evidence of
effectiveness, research summaries are needed. Methods. To discuss the critical points for synthesizing the
evidence on the effectiveness of public health interventions, the inconsistencies between the results
produced by different epidemiological study designs and the methodological issues related to the quality of
the summaries. Results. The Randomized Controlled Trial is recognized as the best study design for the
assessment of the effectiveness of clinical practices; however, the integration of the results from non-
randomized and randomized interventions has been suggested recently. In particular this involves Public
Health, where the randomization of individuals is often impossible, and interventions are administered at
different levels (individual, group, population). Conclusions. Systematic reviews are not common in Public
Health. Methodological tools to write rigorous summaries of the evidence from public health interventions,
taking into account all possible biases, appears to be a priority.
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Introduction

The fraction of avoidable mortality attributable to
preventable factors remains high in Europe, and the
gap between industrialized and developing
countries is wide [1]. Several million lives could be
saved if the mortality rate due to chronic diseases
could be reduced by 2% annually. Most of the effort
to achieve such a gain should be concentrated in
developing countries, where general structural
strategies are required; whereas in developed
countries, the resources allocated to Public Health
within European Health Systems should be re-
directed. In fact, there is huge variation among
industrialized countries in the amount and extent of
prevention programs carried out by Health
Authorities. Major risk factors are often neglected
(smoking, road traffic, violence), while others are
sometimes over-represented, both in terms of the
financial resources allocated and the public alarm
raised (e.g. bird flu). Moreover, most of the
recommended interventions are not based on
scientific evidence [2].

In Italy, 69,000 avoidable deaths occurred in 2002
[3]. Based on Rutstein’s list [4], and applying a
conservative definition of avoidable death [3],
42.2% of deaths in men from 5-64 years of age were
likely to have been preventable through primary
prevention interventions [5]. Considering as a goal
the elimination of risk exposures, the number of

avoidable deaths could be even higher. For example,
65,000 deaths could be avoided with primary
prevention of smoking, which corresponds to
12.1% of all deaths over the age of 35 [6].

Knowledge of the risk factors related to the
main causes of death is not enough to ensure their
elimination. Public Health is the main field
involved in the prevention of avoidable deaths.
Public Health is broadly defined as the “promotion
of health and prevention of disease through the
organized efforts of society” [7]. Its theoretical
functions includes: the development of
interventions aimed at eliminating causes of death
as identified by epidemiology, the assessment of
program effectiveness, and the transfer of
effective programs into practice [8].

The aim of this paper is to discuss the main
methodological issues involved in synthesizing
the evidence on the effectiveness of public health
interventions. It will focus on two key issues in
the process of producing evidence: i) study
designs for the measurement of the effect size in
prevention interventions; ii) unbiased methods to
summarize the evidence.

Study designs for the measurement of the effect
size of prevention interventions

The development of the evidence-based
medicine approach was based on the
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identification of the Randomised Controlled Trial
(RCT) as the best study design for the assessment
of the effectiveness of clinical practices [9].
Although this is due to the wunquestioned
superiority of randomization in controlling for
confounding factors, a large debate has arisen in
recent years on the integration of the results from
non-randomised studies with the evidence from
randomised interventions [10]. Although several
reviews have agreed with the practice of using
non-randomised results at least in support of
randomised evidence [11-13], caution is needed in
adopting such a practice. There are relevant
examples in the scientific literature on the
inconsistencies between experimental and
observational results. The case of beta-carotene is
one of the most interesting.

The case of Beta-Carotene: the chemo-
prevention hypothesis suggested by Peto and Doll
for beta-carotene in the case of cancer, based on a
large review of cohort studies [14], has been
refuted by some large double-blind, randomised
trials of dietary supplementation. In the cohort
studies, individuals whose consumption level of
dietary beta-carotene was in the upper tertile
showed a relative risk (RR) of developing cancer
of about 0.30 compared to individuals whose
consumption level ranked in the lower tertile;
furthermore, evidence from laboratory research
was highly consistent with this result. The
empirical results from experimental studies,
however, showed the opposite effect. Two large
randomised prevention studies were conducted:
the ATBC Study involving 29,000 smokers started
in 1986 in Finland [15], and the CARET study
involving 18,000 subjects, not only smokers,
started in 1992 in the US. Both studies were
randomised, double-blind, placebo controlled
studies and were funded by National Cancer
Institute (NCD).After a few years of follow-up, both
studies were stopped due to a suspicion of harm
in the intervention groups: the RR of cancer
among those receiving supplements of beta-
carotene and alpha-tocopherol was significantly
higher than 1, nearly 1.3 [16].

Another well-known example is hormone
replacement therapy (HRT).
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The case of Hormone Replacement Therapy:
several cohort studies conducted during the 70s
and the 80s showed a substantial effect of HRT in
reducing cardiovascular diseases and osteoporosis
[17].The first RCT carried out during the late 90s
refuted these results, and even showed a slight
increase in the risk of developing coronary heart
disease, breast cancer and stroke among women
taking HRT for many years [18].

The common  explanation for these
inconsistencies is the inadequate control for
confounding factors in cohort studies. In food, beta-
carotene likely drives the true preventive factors,
which act as preventive factors alone or when
linked to beta-carotene. Hormone replacement
therapy is used more frequently by women of high
social class who have healthier lifestyles, including
diet, preventive medical visits and physical exercise.

Despite potential inconsistencies between
observational and experimental evidence, Public
Health needs to overcome the paradigm of the
RCT.While some public health interventions, such
as vaccinations, can be evaluated using RCTSs,
many others cannot because the intervention is
not administered at the individual level, for
example, prevention programs in schools and the
fluoridation of municipal water supplies, or
because it is impossible to identify an unexposed
population, as with information campaigns and
regional policies. In these cases, it is essential to
define a specific methodological approach that
includes, as best evidence, studies other than
RCTs, such as Cluster Randomised Trials, Before-
After Studies and Interrupted Time Series [19,20].

The appropriate study design for evaluation is
determined by the population to whom the
intervention will be administered; thus, we can
identify three types of interventions: #) projects,
targeted at the individual level, e.g. counselling,
vaccination, chemoprevention; ii) programs,
targeted to population groups, e€.g. screening
programs, media campaigns; and #ii) policies,
targeted to the entire population, e.g. health
policies and national laws.Table 1 summarizes the
methodological constraints on public health
interventions.

Projects can be evaluated using RCTs, since the
intervention can be randomised at the individual

Table 1. Methodological constraints on Public Health interventions and appropriate study designs

Intervention  Individual Randomization Reference Group Examples Appropriate design
Project YES YES Vaccination Randomised controlled trial
Program NO YES School-based prevention Cluster randomised trial
Policy NO NO Anti-smoking national laws Before-after trial

Controlled before-after trial
Interrupted time series
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level and an unexposed reference group can easily
be identified. Programs are provided at the group
level and, therefore, individual randomization
cannot be carried out. To allow for group
randomization and individual outcome assessment,
a cluster randomised study is the required
evaluation tool [19]. The crucial problem is the
evaluation of policies, as these interventions usually
involve the entire population: randomization cannot
be used and neither can an unexposed reference
group be identified. To evaluate policies,
observational studies are required, such as
controlled or uncontrolled before-after trials, and
interrupted time series [20]. The inclusion of
observational studies among the designs able to
provide the best evidence entails a high risk of bias
and, therefore, requires the fulfilment of
methodological quality criteria that are not as yet
available. Evidence-based medicine has, in fact,
devoted considerable effort in the development of
tools for the quality appraisal of RCTSs; however,
these tools are only partly transferable to
observational studies, mainly due to the problem of
controlling for confounding factors. An agreement
within the scientific community on how to evaluate
the quality of observational studies is still lacking.

The summary of evidence

A single assessment, even from an appropriate
experimental study, can hardly be considered a
sufficient basis for undertaking a public health
intervention. Apart from the statistical issues
related to frequent inadequate sample size, there
are many other considerations limiting the direct
transfer of study results into practice, the most
relevant being the variation of the effects in
different contexts, and the need for a systematic
assessment of the quality of the study.

Systematic reviews, summarizing the results of
research in a particular area, are intended to be used
mainly as a tool to keep professionals up-to-date in a
world where the scientific literature is exploding
and there are more and more articles to be read
every day [21]. Beyond this generic aim, systematic
reviews are also useful in avoiding publication bias
[22] and in detecting inconsistencies between
studies by the analysis of heterogeneity. In the Public
Health domain, summary methods are available for
systematic reviews of etiology. Studies of this kind
tend to be limited in size, especially for weak
associations, but have a large impact at the
population level. Examples include the health
effects of dietary intake of beta-carotene [14],
Vitamin D [23] and antioxidants [24]. Systematic
reviews of studies assessing the effectiveness of
public health interventions are less common. Apart
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from considerations about the general delay in the
use of evidence, a possible reason for the lack of
systematic reviews in this field is the difficulty in
evaluating interventions such as programs or
policies, which cannot be allocated randomly at the
individual level. In fact, there are many more reviews
of public health interventions targeting the
individual rather than the population. Vaccination is
a good example of this imbalance: many systematic
reviews have assessed the effectiveness of vaccines,
such as pneumoccoccus, heamophilus influenzae,
hepatitis B and influenza, some of which are
included in the Cochrane Library
(www.cochrane.org) [25]. Many other examples
can be found, for example, antioxidant
supplementation for prevention of cancer [26].

There is extensive evidence on programs
targeting groups of individuals and reviews of the
summarized data are now available. Concerning
school-based interventions, for instance, the
effectiveness of prevention programs for smoking
[27], alcohol [28] and drugs [29] have been
systematically reviewed and useful data are available
to make decisions in these fields. On the contrary,
the amount of available evidence on interventions,
such as policies, targeting populations as a whole is
poor. On occasion, some Health Technology
Agencies have produced reviews on the effects of
policies, such as the dissemination of practice
guidelines in clinical settings [30], policies for
immigration and health [31], and population-based
interventions aimed at reducing sexually
transmitted infections [32]. These reviews differ
widely from those on projects or programs.In some
cases, they are systematic but limited to
interventions targeted at groups, and include only
cluster randomized studies [32]; in others, they
include observational studies without rigorous
criteria for selection and quality assessment.

The matching of the type of intervention and
the study design produces the need for
developing methods to write sound summaries of
the evidence from public health interventions. For
this purpose, several methodological issues have
to be taken into consideration.

The first is validity: the validity of any summary
method depends on the quality of the primary
studies. Even the most sophisticated method to
produce a meta-analysis does not correct for
confounding or bias.This is particularly true when
the authors are willing to include non-randomised
studies, such as those useful in assessing public
health policies [33-34]. Without taking into
consideration the main sources of bias in the
original studies, a meta-analysis of observational
studies may well be simply producing tight
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Table 2. Studies assessed for inclusion by the 18 Cochrane Drug & Alcohol Group’s reviews, stratified by study design (08/2005)

Studies
Included Excluded Total
n % n % N
RCT 280 78.0 79 22.0 359
CCT 13 41.9 18 58.1 31
CPS 20 20.2 79 79.8 99
Other / not specified 38 8.7 400 91.3 438
Total 351 37.9 576 62.1 927

In two reviews, the number and type of excluded studies were

confidence intervals around spurious results. An
example of the differential quality between
randomised and non-randomised studies is
presented in Table 2. It shows the analysis of the
studies assessed for inclusion in 18 systematic
reviews led by the Cochrane Drugs and Alcohol
Group in 2005. The authors of these reviews
assessed 927 studies overall: the percentage of
studies included, out of the total number assessed
of each type was, 20.2% of Controlled Prospective
Studies (CPS), 8.7% of other non-randomised
studies and 78.0% of RCTs. The main exclusion
criterion was the inadequate or lacking of control
for confounding factors at the analysis stage.

The second is heterogeneity: some characteristics
of the studies can produce heterogeneity. Any
differences in selecting the study population,as well
as in measuring the outcomes will be integrated
into the result and will produce heterogeneity [35].
Heterogeneity analysis can also be considered an
important tool in detecting differences and bias
among the studies included in a meta-analysis,
leading to the exclusion of biased studies and
thereby improving the quality of the review. Pooling
data, as an alternative to producing summaries of
results, can be considered an efficient method to
control for heterogeneity under some conditions.

The third is publication bias: it is the differential
probability of publication of positive (expected)
results compared to negative ones. All summary
methods can be victims of publication bias [22].This
also likely applies to observational studies.A pooled
analysis can reduce publication bias by using data
from studies that have not produced useful
measures for meta-analysis, but cannot correct for
the bias due to unpublished studies. Some methods,
based on systematic review, have been recently
developed to diagnose bias and estimate the true RR
associated with the relationship [36]. Since
publication bias can increase the combined RR,
some attempt should be made to control for it. In an
attempt to reduce the risk of bias in systematic
reviews that include non-randomised studies, a
check-list has been proposed by the editors of the
main scientific journals (Table 3) [37].
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not specified.

Table 3. Reporting checklist for meta-analyses of observational

studies (37)

Background

Problem definition

Hypothesis statement
Description of study outcomes
Intervention or exposure
Study designs

Study population

Search strategy

Qualification of searchers

Search strategy, time period and
keywords

Efforts to include all available studies
Databases searched

Search software

Hand searching

Citations located and excluded
Methods of addressing non-english
articles

Methods of handling abstracts and
unpublished studies

Contact with authors

Methods

Relevance and appropriateness of
studies assembled

Rationale for selection and coding
of data

Classification and coding of data
Assessment of confounding
Assessment of study quality
Assessment of heterogeneity
Statistical methods

Tables and graphs

Results

Graphic summarizing individual
study and overall estimates

Table giving information on
individual studies

Results of sensitivity testing

Indication of statistical uncertainty
of findings

Discussion

Quantitative assessment of bias
Justification for exclusion

Assessment of quality of included
studies

Conclusions

Alternative explanations of results
Generalization of the conclusions
Guidelines for future research
Disclosure of funding source
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Conclusions

There is a delay in building up the evidence on the
effectiveness of interventions to tackle population
health problems in Pubic Health. To overcome this
important limitation, it is imperative to increase the
amount of evaluative research in this field. It is also
time to develop sound methodological tools for the
evaluation of interventions in which randomization
is not possible.
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