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Abstract: Public health interventions are directed to influence the (state of a) risk factor, either
by behavioral or environmental changes. Therefore, environmental health risk assessments are
highly relevant for public health decision making and policy development. The credibility of an
environmental health risk assessment depends, to a large extent, on the strength of the scientific
evidence on which it is based. In this article, the main challenges for assessing the impact of a
potential adverse health effect from an environmental pollutant are described. Second-hand smoke
(SHS) was chosen to illustrate the current state of evidence. The assessment of the impact of potential
adverse health effects from environmental risk factors is dependent on several issues, such as the
hypothesized health outcome, the nature of the exposure, the dose-response-relationship and the
variability and susceptibility of the exposed population. The example of SHS exposure highlights
the need for evidence-based public health. Several challenges in terms of study design, assessment
methods, as well as data analysis and synthesis with respect to the stratification of results, and
consideration of bias and confounding exist. Future research needs to take into account which
methods and techniques will be used to generate evidence for population-level decisions.
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1. Introduction

Improving the evidence in public health allows for better decisions of healthcare professionals
and health authorities [1]. The concept of evidence-based medicine is understood as “the conscientious,
explicit and judicious use of current best evidence in making decisions about the care of individual
patients” [2]. According to this concept, decision making should be based on a clearly defined set of
methods. Systematic reviews are used for the collection and grading of evidence. Evidence-based
medicine focuses on clinical interventions which are mainly single-component. Typically, they are
designed to influence one clearly defined health outcome. Therefore, causal pathways are relatively
short and direct from a clinical intervention to an outcome [1,3,4].

In contrast to evidence-based medicine in the clinical setting, evidence-based public health has
to deal with multiple health and socials goals [5]. Public health focuses on the promotion of health
or prevention of diseases in populations or targeted sub-populations [6]. To reach this target, a wide
range of activities, such as policies, laws, organizational or community development, education,
technical development, service development and delivery, and communication, are performed [1,7].
The pathways between causes—such as risk factors or interventions—and outcome(s) are mainly long
and complex [1,4]. Therefore, the consideration of more distal effects is as important as assessing the
direct impact [7]. The goal of public health is among others to influence the (state of a) risk factor,
either by behavioral or environmental changes. Therefore, two different approaches for evaluating
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public health interventions are possible: (1) the effect of the intervention in risk factor reduction and
(2) the effect of risk factor reduction on an health outcome [1].

This highlights the major importance of valid assessments of risk factors in determining the
effect on population’s health. During the last decade, the assessment of environmental risk factors
and the adverse health effects associated with these risk factors received more public and scientific
interest [8]. In epidemiology, the concept of attributable risks is used to illustrate the difference in
the rate of a condition between an exposed and unexposed population. Environmental health risk
assessment is highly relevant for public health decision making and policy development. The validity
of the environmental health risk assessment depends, to a large extent, on the strength of the scientific
evidence on which it is based [9]. Therefore, concepts and methods of evidence-based public health
are particularly relevant in the context of environmental risk factors and the assessment of associated
adverse health effects. In this article, the main challenges for assessing the impact of a potential adverse
health effect from an environmental pollutant are described. Second-hand smoke (SHS) was chosen as
an example to illustrate the current state of evidence regarding the below mentioned factors. Based
on methodological aspects of studies dealing with SHS exposure, challenges for studies dealing with
health effects of environmental risk factors are described.

2. Challenges in Creating Evidence in Environmental Health Risk Assessments

The whole process of assessing needs in relation to environmental health risks and evaluating
actions in public health is comparable to the principles of clinical work for the treatment of an individual
patient. The main factors of this process are depicted in the inner cycle of Figure 1. According to this,
patients become ill due to a cause of disease. Therefore, a physician assesses the health status of a
patient by a range of diagnostic techniques. In the following assessment of the patient’s situation the
diagnosis is important, but also other aspects such as patients’ preferences are taken into account. As a
last step, a treatment will be chosen and performed. According to the paradigm of evidence-based
medicine, all these steps will be based on scientific evidence [10].
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Figure 1. Decision processes in evidence-based medicine and public health (own illustration based on [10]).

The public health decision process in terms of evidence-based public health is shown in the outer
cycle of Figure 1. The main challenges in creating evidence, described in the following part in more
detail, exist in the clear definition and adequate assessment of exposure as well as effect, the attribution
of exposure to health effects, and the development of adequate policies.
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2.1. Selection of Study Design

In epidemiology, several study designs are possible, and no gold-standard such as randomized
controlled trials in evidence-based medicine exist. The chosen study design in public health is
mainly dependent on the prevalence of risk factor and disease. For assessing the impact of SHS on
health outcomes, mainly cohort studies and case-control are used und should be incorporated in
evidence syntheses. Firstly, because of their higher level of evidence compared to cross-sectional
studies and, secondly, because most cross-sectional studies provide inconsistent findings on the
relationship between SHS exposure and adverse health effects [11]. Therefore, the study design is of
major importance, particularly in the research field of effects attributable to a risk factor such as SHS
exposure. Furthermore, until now existing studies have used a relatively short duration of follow-up.
Therefore, the statistical power of many studies examining the risks of SHS exposure associated with
chronic diseases is limited. This may lead to an underestimation of the true association between SHS
exposure and diseases with a long latency [12–14]. In addition, studies on the effects of SHS need to
take into account the dose-response relationship between SHS exposure and adverse health outcomes.
It is suggested that the short-term effects attributable to SHS exposure are similar to the effects of
main-stream smoking, which have been known to disappear after several years of non-exposure [15].
This highlights the relevance of observing short- as well as long-term effects, the type of effect and
dose-response relationship. Furthermore, the assessment of cumulative or period-specific exposures
and vulnerable periods is needed.

Studies dealing with the effects of SHS exposure frequently included only a few cases.
In addition, the comparability of results is limited, because different kinds of comparisons between
study participants were performed: Direct analyses compare the risk for non-smokers exposed to SHS
with the risk for unexposed non-smokers. In indirect analyses, the risk for exposed non-smokers is
estimated from the risk for active smokers [16]. These differences in methods have to be considered
during interpretation. Furthermore, due to the use of different reference categories, the risk estimates
from studies of active and passive smoking are not directly comparable [17].

2.2. Key Sources of Exposure

The inclusion of all key sources of exposure via all possible routes and all media is needed. There
is a tendency for many studies to investigate adverse health effects related to a restricted, though often
substantial, potential source of exposure and to ignore other sources [8]. Since many studies were
unable to estimate SHS exposure outside the home, the groups of people described as “unexposed”
may include a not negligible proportion of persons with SHS exposure in other settings, such as the
workplace [12]. A review of nine epidemiological studies published before 1992 highlighted that the
lack of data on SHS exposure outside the home was one of the major weaknesses in the epidemiological
evidence [18]. Earlier on, it was considered that studies underestimated the risk caused by SHS
exposure, because exposures at home may be smaller than exposures at the workplace [19]. Although
this argument may have changed due to the implementation of smoke-free laws, which lead to the
greatest source of SHS exposure being at home [20], it still highlights the importance of including
different settings of SHS exposure. Difficulties in ascertaining SHS exposure may explain the lack of
precision in several estimates [21]. Furthermore, studies that report exposure only at home or at work
could lead to an underestimation of the effect because of the different employment patterns of men
and women [21].

Overall, studies use various definitions of SHS exposure, focusing either on certain settings, such
as home or workplace, or rely frequently just on information, such as “spousal smoking”, without
any further assessment of the frequency, duration or intensity of exposure [22,23]. For this reason,
information on SHS exposure may be inexact or poorly reported [24–26]. Using spousal smoking, for
example, as the sole marker of SHS exposure, may lead to a downward bias resulting from exposure
misclassification [27,28]. Nevertheless, the results of epidemiologic studies on the association between
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SHS exposure and ischaemic heart diseases using spousal smoking to assess the exposure are consistent,
despite differences in study designs, study populations and study locations [20,29].

2.3. Exposure Assessment Method

Besides adequate measurements of the outcome, in environmental epidemiology particularly the
exposure assessment should be considered. Therefore, the following remarks aim to provide a short
overview of methods for exposure assessment using the example of SHS. The methods for assessing
the exposure to risk factors can be divided in direct measurements, such as personal monitoring or
biomarkers, or indirect methods, such as exposure modeling [8]. Up to now, there is no gold standard
to measure SHS exposure [30]. Using valid and reliable methods for assessing the SHS exposure
should avoid misclassification bias. Until now, studies measuring the dose of SHS exposure either rely
on biomarkers such as cotinine concentration or self-reported items such as the number of smokers
(e.g., in a household), or exposure in terms of cigarettes per day, hours per week or pack years [31].

Although some earlier studies found that the reliability of self-classification of SHS exposure is
moderate to very good [28,32–36], nowadays the evidence indicates that self-reported information is
an imprecise measure to assess SHS exposure [37,38]. The sensitivity of SHS exposure assessment by
self-reports may vary between the domestic setting and work-related settings or public places [39].
Furthermore, subjective reports of SHS exposure are subject to recall and reporting biases [23].

A study by Whincup et al. [40] reported substantially higher risks of coronary heart diseases after
stratification of the risk based on a biomarker for SHS (cotinine) compared to an indirect assessment via
self-report. Cotinine, which is a metabolite of nicotine, is commonly used as a biomarker for measuring
SHS exposure [22,37,41]. It can be measured in blood, urine and saliva [42,43] and has a half-life of
approximately 15–20 h [44] which is much longer than the half-life of nicotine (2 h) [45–48]. Therefore,
cotinine reflects SHS exposure during the previous 1–2 days [33,36,45]. An advantage of cotinine
assessment is its ability to detect low quantities of serum cotinine, which allows to identify low levels
of SHS exposure among non-smokers [45]. For the interpretation and synthesis of primary studies,
these limitations have to be accounted for. Chen et al. [49] concluded that a large cohort study is needed
using self-report, cotinine assessment, and the combination of both to reveal reliable information on
the association between SHS exposure and adverse health effects. Further investigations are also
necessary that take into account exposure to multi-pollutant mixtures using standardized assessments
of both exposure and health outcomes [23].

2.4. Stratification of Results, Bias and Confounding

Until now, only a few studies have investigated possible mechanisms underlying sex differences
in adverse health outcomes of different diseases attributable to SHS exposure. It is assumed that
the anti-oestrogenic effect of cigarette smoking—and therefore also the exposure to SHS—may be at
least partly related to the increased risk of ischaemic heart diseases in young females smokers [50].
Furthermore, a study by Geisler et al. [51] indicated that in smoking women undergoing oestrogen
replacement therapy, plasma levels of oestrogen were 40%–70% lower than in non-smoking women.
Additionally, a decrease in both oestradiol and testosterone concentrations in smoking men has been
reported [52]. Therefore, hormonal factors seem to considerably influence vulnerability due to SHS
exposure. This might also be one explanation for gender differences in the effects of SHS exposure [53].

Epidemiologic studies are subject to different types of bias and confounding. The first type of bias
is random error (including errors associated with biological variation, sampling error or measurement
error). Precise measurement and adequate study designs may minimize the random error. The second
type of bias is systemic error which is difficult to minimize in observational epidemiology since
researchers have little control over the study population. Missing to consider a risk factor associated
with both the risk factor of interest and disease leads to confounding. It can influence the risk estimate,
even changing the apparent direction of an association. Controlling for possible effects of confounding
as well as effect modification is a central element in epidemiology. Studies on SHS exposure have
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used various determinants as potential confounders or effect modifiers such as age, gender, smoking
status (if not only non-smokers were included), health status and disease history. Nevertheless,
a recommendation for further epidemiological studies is to provide adequate controls for the possible
effects of confounding due to adjustment, matching, or more restrictive exclusion criteria for study
participants [48,54,55]. Estimates of risks associated with SHS exposure may differ by factors such as
age, gender, socio-economic status, and possibly ethnic susceptibility [56].

Confounding may be related both to the assessment of exposure and the outcome of interest [57].
For example, smoking at some point during life may confound the effect of SHS exposure [58]. The
potential for misclassifying the smoking status of former or even current smokers as passive smokers
is a longstanding concern in studies using self-reports for assessing SHS exposure [59]. Therefore,
the association between SHS exposure and adverse health effects should only be evaluated among
never-smokers [60].

3. Discussion

The assessment of the impact of potential adverse health effects from environmental risk factors
is dependent on several issues such as the hypothesized health outcome, the nature of the exposure,
the dose-response-relationship and the variability and susceptibility of the exposed population [8].
To provide information on environmental risk factors, several disciplines such as epidemiology,
toxicology and clinical medicine need to contribute to the risk assessment [9].

Since involuntary SHS exposure is a common and serious public health hazard, appropriate
regulatory policies need to be adopted and enforced to prevent adverse health effects [61].
The prevention of involuntary population exposures, such as SHS, involves scientific and practical
issues quite different from those study designs and activities dealing with the prevention of (sedentary)
“lifestyle” factors [62]. As represented by the challenges in creating evidence in environmental
health risk assessments, epidemiological studies representing associations between measures of
environmental risk factors and health effects are frequently difficult to interpret [9,63].

A major challenge in environmental health studies is the fact that exposures are sometimes very
low. Furthermore, most diseases attributable to environmental risk factors are also influenced by
other determinants, which may be associated by the personal lifestyle of exposed persons. These
confounding factors may lead to inconclusive findings, which are common in the research of SHS
exposure and adverse health effects [31,62].

Public health interventions aiming at reduction of exposure of environmental risks are mainly
implemented either in household or community settings or by policy means. These interventions
are directed at exposed populations which may not be aware of any need for a change or unable to
change the risk factor on their own [4], because the risk is (mainly) not associated with the personal
characteristics or lifestyles of the exposed person and, therefore, outside the immediate control of the
individual [62,64].

4. Conclusions

A large body of evidence has shown adverse health effects attributable to SHS exposure.
Nevertheless, poor study designs sometimes lead to inconsistent results regarding the SHS exposure
associated with adverse health effects. The example of SHS exposure highlights the need for
evidence-based public health in the arena of public health decision making to minimize adverse health
effects caused by environmental hazards. Several challenges in terms of study design, assessment
methods, as well as data analysis and synthesis with respect to the stratification of results, and
consideration of bias and confounding exist. Therefore, future research needs to take into account
which methods and techniques will be used to generate evidence for population-level decisions, e.g.,
in terms of a standardized way to measure SHS exposure [29]. Further attention has to be paid to the
question how the current evidence will be translated into practice [1,65].
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