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Abstract. The aim of this study was to identify and discuss validity aspects on so called negative and non-positive studies.
Arguments and examples are drawn from experiences in occupational health epidemiology regarding the interpretation of
more or less equivocal study results. A negative study may be defined as showing a result that goes against the investigated
hypothesis of an increased (or prevented) risk. Traditionally, studies with a risk estimate (relative risk or odds ratio)
above, but close to unity are also referred to as negative, given a narrow confidence interval (CI) that includes unity. A
risk estimate above unity with the CI including unity is non-positive, however, but an estimate below unity with upper CI
bond exceeding unity might be seen as possibly negative or non-negative. A weaker “significance” than usually required
should perhaps be accepted when evaluating serious hazards. In contrast to positive studies, the negative and non-positive
studies tend to escape criticism in spite of questionable validity that may have obscured existing risks (or preventive effects).
Even stronger arguments can be made in criticising negative and non-positive studies than positive studies, for example,
regarding selection phenomena, and observational problems regarding exposure and outcome. Negative confounding
should be considered although usually weak. In case-control studies, so called over-matching may obscure an existing risk
as could the “healthy worker effect” in cohort studies. Small scale non-positive studies should be made available for meta-
analyses and when considering studies that do not convincingly show a risk; those who are exposed should be given the
“benefit of the doubt”.
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INTRODUCTION

When epidemiologic study results are weak or inconsistent
between studies, it is indeed difficult to obtain a tenable
judgement on whether there is a health risk from some
particular exposure at consideration. Usually, studies
are preceded by some suspicion that an exposure may be
hazardous (or alternatively, beneficial) to human health,
with the subsequent likelihood that the study result also
indicates the presence of some, but not necessarily any
convincing excess risk (or prevention). Sometimes there is
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also an interest to rule out a risk from a certain exposure.
This is a quite demanding challenge, however, requiring a
large scale study that indicates no excess risk, i.e., a so called
negative study, the nature of which may be further consid-
ered here. Various aspects of the interpretation of equivo-
cal study results have been discussed from time to time in
the literature [1-3] and will be elucidated in the following,
particularly with regard to experiences from occupational
health epidemiology. Many of the viewpoints will have gen-
eral applicability in epidemiologic research, however.
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SOME STATISTICAL ASPECTS

A truly negative study may be defined as showing a result
that significantly goes against a hypothesis of risk (or
prevention). Traditionally, however, studies with a risk
estimate (usually taken as relative risk or odds ratio)
above, but close to unity (i.e., the reference risk), are
also referred to as negative, given a narrow confidence
interval (CI) that includes unity. From a formal point of
view, however, a risk estimate above unity with the CI
including unity should be taken as non-positive. It could
perhaps be proposed that even an estimate below unity
with the upper CI bond exceeding unity might be seen as
a possibly negative or non-negative result (the reversed
view applies to preventive situations although not further
discussed here).

Usually, 95% confidence intervals around the risk estimate
are applied in epidemiologic studies and when excluding
unity, the result is referred to as “significant”. Sometimes
there may even be considerations whether to use a 99% CI
to reduce so called false positive results. However, there
could be reasons for accepting a weaker “significance”
than usually required, especially when evaluating serious
risks, e.g., a 90% CI (or even less?) as corresponding to a
one-tailed p-value of 0.05. Hence, when considering risks,
the one-sided confidence interval should be of primary in-
terest, at least in the early phase of research for assessing
whether a health risk may be present or not. In later inves-
tigations of the effect of an adverse exposure, the upper
confidence bond may also attract interest as suggesting a
likely upper limit for the risk.

VALIDITY CONSIDERATIONS

In contrast to positive studies with both the risk estimate
and the lower confidence bond exceeding unity, the nega-
tive and non-positive studies tend to escape criticism. The
general attitude seems to be that if no definite, or “signifi-
cant”, risk is shown, there is no reason to believe that the
exposure at issue is hazardous. However, poor design and
questionable validity of a study may obscure existing risks,
and even stronger arguments can be made in criticising
negative and non-positive studies than positive studies.
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The reason is simply that a poorly designed and conducted
study would not have sufficient discrimination capacity to
reveal an existing risk. This view is not inconsistent with
the fact that a biased study can also result in a false indi-
cation of an increased risk and not only in a negative or
non-positive result.

Considering non-positive or negative study results, the
possibility of some selection should be considered, espe-
cially a loss of exposed cases with subsequent reduction
of the risk estimate. For example, deceased or disabled
individuals may have been sorted out of such company
files that could be used for setting up an occupational
cohort study. Similarly, observational imprecision re-
garding exposure and outcome through non-differential
misclassification would also have a reducing effect on the
risk estimate as would uncontrolled negative confounding.
It may be remarked also that improper measurement or
non-differential misclassification of a confounder leads to
poor control of confounding, either it is negative or posi-
tive [4,5].

Assessing exposure

Regarding assessment of exposure there are concerns usu-
ally about the accuracy of the methods, and particularly
the use of interviews and questionnaires are criticised.
A 50 called job-exposure matrix, which associates various
jobs with particular exposures, is often seen as a preferable
instrument, but this way of assessing exposure may be less
adequate so as to lead to a spurious reduction in the risk
estimates in a study. For example, by comparing the per-
formance of experts versus a job-exposure matrix, it was
found that the sensitivity of a job-exposure matrix was low
(23-63%) compared to judgements by experts, whereas
the specificity was rather high (87-98%) [6]. Furthermore,
assuming an odds ratio of 3 and an exposure prevalence of
10%, and taking the experts’ classification of exposure to
be completely correct, the use of a job-exposure matrix led
to attenuation of the odds ratio by a factor of 1.5-2.1, and
to a loss of power equivalent to a reduction in the number
of subjects by a factor of 5-10. On the other hand, there is
also the experience that a job-exposure matrix performed
better than self-reported exposure in discriminating high-
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risk subgroups in a study of lung cancer and asbestos
exposure among construction workers [7]. Observations
of this kind certainly suggest that risk estimates can easily
be biased towards the null rather than being exaggerated,
i.e., the difficulties in assessing exposure may rather favor
non-positive results over any indication of a risk.

Sometimes large scale cohort studies based on register
linkage are set up to confirm or refute observations made
in smaller original studies. Census data on occupation may
be used in such studies but usually reflect the occupational
status only at a point in time (e.g., during some particular
week), and are therefore inherently poor measures of
the occupational exposures that may, or may not, have
occurred over many years. The imprecise measure of ex-
posure in such linkage studies may therefore attenuate an
effect. The size of such register-based studies may seem
impressive, however, and a non-positive result may there-
fore easily be taken as indicating the absence of any risk
and as a refutation of a positive result shown in an earlier
investigation. An example in this respect may be drawn
from Swedish experiences regarding a possible cancer risk
from phenoxy herbicides [8]. Hence, a large cohort study
based on record linkage has not been able to reproduce
the risk of soft-tissue sarcomas and lymphomas among
subjects with a licence for using some but not all pesticides
[9,10]. However, by just considering occupational titles
the risk found in the case control studies is also very much
reduced as shown in Table 1 [8,11,12]. This table also illus-
trates that observation bias is unlikely to explain the risks
seen. Hence, those unexposed in the occupations where
exposure may occur have an about normal risk and not a

lower than expected risk as would have been the result of
misclassification of unexposed cases as exposed and/or a
reversed misclassification for the controls [13].

Confounding

Uncontrolled confounding is often a concern when an ex-
cess risk is found in a study but can also obscure an effect,
either when the confounding risk factor tends to be more
common in absence of the exposure or when there is a
protective factor occurring among the exposed. However,
confounding effects tend to be weaker than usually appre-
ciated. The role of confounding can be evaluated by cal-
culations given that there is reasonably good information
about the frequency of occurrence and the magnitude of
the risk or prevention exerted by the potential confound-
ing factor. This latter condition is usually fulfilled as fac-
tors not known to exert a reasonably well-defined health
effect cannot seriously be proposed to exert confounding.
The reason for this is that causal relations in general could
be refuted if any kind of factor or activity would be seri-
ously taken as an alternative cause as associated with the
exposure in a study. The same reasoning may be applied
to any experimental research as well.

For negative and non-positive studies the concern should
be about possible negative confounding masking an effect.
Any criticism in this respect is rarely brought up, however,
whereas for positive studies there are almost always sug-
gestions about possible positive confounding exaggerating
an effect or even being totally responsible for an elevated
risk estimate. Table 2 shows the relatively weak confound-
ing effects that can be exerted by a risk factor of varying

Table 1. Exposure to phenoxy acids in cases and referents by occupation in one of the soft-tissue sarcoma (STS) studies [11] and in one of the

Hodgkin’s (HD) and non-Hodgkin’s lymphoma (NHL) studies [12]

Agriculture/Forestry* Other occupations
Ph** Ch** Unexp** Ph** Ch** Unexp**
Soft-tissue sarcomas 13 1 17 1 10 68
Referents 5 3 39 0 5 167
Odds ratio 6.4 - 11 - 4.9 (1.0)
Lymphomas 35 5 37 6 15 71
Referents 23 1 114 1 7 189
Odds ratio 41 - 0.9 - 5.7 (1.0)

* Considering occupations in agriculture and forestry only, the odds ratios reduce to (31)(172)/(47)(79) = 1.4 for STS vs. a register linkage study [9] relative risk of 0.9 (95% CI: 0.8-1.0), and
to (77)(197)/(138)(92) = 1.2 for the lymphomas vs. a register linkage study [10] relative risk for HD of 1.20 (0.60-2.16) and for NHL of 1.01 (0.63-1.54).

** Ph - phenoxy acids, Ch - chlorophenols, Unexp — unexposed.
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Table 2. Example of confounding rate ratios obtained at different strengths of the confounding factor in terms of a rate ratio/relative risk, R, and
degrees of association between exposure and confounding factor among exposed/unexposed (F /F)

Calculated confounding rate ratios by a given R

F, F, F/F, R=15 R =20 R =40 R =10.0
02 0.1 200 1.04 1.09 1.23 147
0.1 02 050 096 092 081 0.68
05 03 1.67 1.08 115 1.32 1.49
03 05 0.60 093 087 0.76 067
09 0.7 1.29 1.07 112 1.19 1.25
0.7 09 0.78 093 0.89 0.84 0.80

strength and which is associated with the exposure to vari-
ous degrees as indicated in the table [14].

In case-control studies, matching is usually appreci-
ated as a measure to control for confounding, but the
problem involved in so called over-matching, which can
obscure an existing risk, is not always understood. Hence,
if matching is undertaken on some characteristic that is
associated with the exposure, but has no bearing on any
risk, the consequence will be that the controls tend to be
exposed when sharing this exposure-related characteristic
with the cases. Consequently, there is loss of power in the
study and, dependent on proper analysis or not, the odds
ratio may also be biased towards unity. Non-epidemiolo-
gists seem especially to believe that matching would have
increased the validity of a case-control study, whereas this
design procedure sometimes may have led to the opposite
effect. Hence, the improper design may be unrecognised
and a weakly positive result, i.e., a non-positive study,
would be the consequence of the over-matching and can
be mistaken as indicating no effect of an hazardous ex-
posure. In cohort studies, however, matching is useful for
increasing validity and there is no problem corresponding
to the over-matching in case-control studies.

Comparability of populations and the “healthy worker
effect”

In cohort studies the choice of a proper comparison popu-
lation is important to prevent the so called “healthy work-
er effect” [15] from spuriously reducing the risk estimates.
Health-related departures from the labor force may occur
particularly among low socio-economic groups and more
skilled jobs tend to recruit workers with different lifestyles
from workers in less skilled jobs [16]. Therefore, the
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general population is also likely to be less healthy than a
certain group of workers, but there could be exceptions
for jobs with a particularly low status. This health-related
selection process makes it difficult to find proper compari-
son groups and explains why various worker groups often
enjoy better health outcomes than expected [17,18], thus
easily resulting in an underestimation of a health risk from
some occupational exposure.

There is also reason to distinguish between a healthy
worker survivor effect operating on a long-term basis
versus a healthy worker effect in the period shortly after
hire. The former may cause cumulative exposure to be-
come associated with good health among the long-term
employees and has a tendency to depress the upper end
of an exposure-response curve and a weak or lacking ex-
posure-response relationship may well be interpreted as
no effect from the exposure. Regarding the early period
of follow-up, pre-employment health examinations may
create a strong selection for a healthy worker effect that
obscures a health risk of an exposure.

In cohort studies, the healthy worker effect often results in
a total mortality of about 90% or less of the expected. This
healthy worker effect is usually greater in the younger age
groups in a cohort and in the early phase of follow-up [19].
Cardiovascular deaths particularly tend to contribute most
to the healthy worker effect, but other causes of death may
also be below expected levels. Sometimes the observed
number of deaths is as low as only about 50-60% of the ex-
pected, as, for example, in some studies of cardiovascular
disease [20], and other non-cancer deaths [21], but such
quite strong effects have also appeared for cancer [22].
When the healthy worker effect appears to be strong, the
comparison of the observed number of cases with expect-
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ed numbers based on national or regional rates is a ques-
tionable basis for concluding that no adverse effects are
present. Usually there is no alternative reference popula-
tion, however, but cohort studies of this kind showing no
effect should be looked upon as essentially uninformative
or non-positive rather than negative, unless perhaps when
there is a large number of cases [1,3].

Cross-sectional studies may underestimate or fail to detect
an existing risk due to health-related selection out of the
job, i.e., those with symptoms in connection with the ex-
posure tend to leave the job to find other work tasks. For
example, a cross-sectional study of animal feed workers
revealed a decreasing prevalence of most chronic respira-
tory symptoms with increasing years of exposure to dust
and endotoxin [23], likely reflecting that a health-related
selection out of the job had taken place. Nevertheless, for
studying many medically less serious health problems there
is no other realistic possibility than the cross-sectional ap-
proach, for example, in studies of lung or renal dysfunc-
tions, neurobehavioural or neurophysiologic disturbances,
or musculoskeletal and other non-lethal disorders.

In so called hospital-based case-control studies, recruiting
the controls from among patients with other diseases than
that at consideration, the healthy worker effect may lead
both to upwards and downwards biased risk estimates.

Hence, if the workers under study are healthier and need
less hospital care than the average population, the expo-
sure will be underrepresented among the controls and
the risk estimate biased upwards. On the other hand, if
there are various diseases associated with the exposure (or
some other health hazard associated with the exposure,
implying a sort of confounding on the controls side), the
exposure frequency among the controls may be too high
in relation to the true exposure frequency in the popula-
tion delivering the cases during the period of time covered
by the study [24]. The result would then be a downwards
biased risk estimate. These same aspects also apply to
case-control studies that utilize deceased controls and to
so called proportional mortality studies.

Non-positive studies in the aggregate and the benefit of
the doubt

Small-scale, non-positive studies are less likely to be sub-
mitted or accepted for publication but should be made
available for meta-analyses to assess a possible risk. An
example in this respect can be found in the studies of tri-
chloroethylene as a possible carcinogenic agent. Animal
studies of trichloroethylene indicated a carcinogenic ef-
fect from this compound and subsequently also triggered
epidemiologic investigations in the late 1970s [25,26]. The

Table 3. Meta-analysis of cohort mortality studies on trichloroethylene exposure. Expanded and updated Table 6 from Morgan et al.[32]

Antilla Axelson Blair* Morgan Boice Hansen
Cancer site ctal. [27] etal. etal. etal etal. etal. Total Meta-SMR  95%CI
' [28] [31] [32] [33] [34]
Liver
Observed 5 4 15 6 9 5 44 1.39 1.01-1.87
Expected 22 2.8 115 6.1 7.0 2.0 316
Prostate
Observed 13 26 54 21 32 6 146 1.06 0.85-1.20
Expected 9.4 20.7 49.1 17.8 311 10.1 138.2
Kidney
Observed 6 6 15 8 7 3 45 1.18 0.86-1.59
Expected 6.9 52 9.4 6.1 71 33 38.0
Bladder
Observed 5 8 17 8 5 10 53 1.01 0.85-1.32
Expected 6,1 79 14.2 59 9.1 9.4 52,6
Non-Hodgkin’s
lymphoma
Observed 8 5 28 14 14 8 71 1.55 1.22-1.94
Expected 4.4 32 14.0 14.0 11.8 23 49.7

* Expected numbers for the Blair study are based on the internal comparison group as obtained by dividing the observed number by the relative risk; using this smaller reference population

results in slightly too narrow confidence intervals (as here based on the Poisson distribution).
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early results were less convincing of a cancer risk, and only
by aggregating the results from three studies [27-29] in-
cluding liver and biliary tract cancers as well as non-Hodg-
kin’s lymphoma, could an IARC Working Group conclude
that there was limited evidence for a carcinogenic effect
from trichloroethylene in humans [30]. This view is now
further supported by aggregating a number of other more
recent studies, some of which may individually be seen as
non-positive or even as so called negative studies and are
listed in Table 3 [27,28,31-34].

Finally, when considering studies that suggest, but do not
convincingly show an increased risk, such as the studies
of trichloroethylene exposure, those who are exposed
should be given the “benefit of the doubt” [3]. In balanc-
ing benefits against risk, one should consider who takes
the risk and who gets the benefits. It may be remarked
also that in occupational health, the situation is more
complicated than in medical treatment, where the risk of
adverse side-effects might be weighed against benefits for
the same individual [35]. In contrast, occupational risks
for workers may imply economic benefits for companies.
Furthermore, high risks in small populations should be
seen as more serious than small individual risks in large
populations, the latter being scientifically interesting, but
may or may not be relevant for immediate public health
actions. Ethical guidelines in occupational health are im-
portant and a comprehensive discussion in this respect can
be found elsewhere [36].
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