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When is a null finding in register-based epidemiology convincing?
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Publication bias has been widely discussed [1], and both
in biomedical and social sciences, it has been shown that
significant or stronger results have higher likelihood of
publication compared to null findings [2]. The risk of not
publishing null findings may even be higher in observa-
tional studies, where data are available for multiple
analyses of the same data set.

For the furtherance of science, therefore, it is important
to report and publish null findings. Using register-based
data or routinely collected data, several epidemiological
null finding studies have been published. These studies
include vaccination safety studies [3], studies of detri-
mental effects of induced abortion [4] and blood donation
[5], exposures among children [6] or during pregnancy
[7], and pharmacoepidemiological studies of detrimental
effects of specific drugs [8].

These null findings are often interpreted as strong
evidence against an association between proposed detri-
mental exposures and outcomes [4]. One reason is that they
are based on nationwide registers. In the Nordic countries,
unique possibilities exist for linkage of several registers to
include the whole population in one study [9]. These
studies are therefore less prone to selection bias because
all eligible persons are available for analyses and the infor-
mation on exposure is collected before information on
outcome, ensuring prospective data collection [10]. But
whole-population studies may be prone to information bias
because exposure or outcome information may be misclas-
sified in registers or routinely collected data. In some of the
null finding studies, some biases are discussed including
misclassification of exposure [3e5] and outcome [3,7]
and lack of power when the exposure or outcome is rare
[6,8]. Furthermore, unmeasured and residual confounding
could influence register-based studies because only limited
and unspecific confounder information is available [10].
Methods have been suggested to evaluate the influence of
unmeasured confounding [11] but will not be further
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discussed in this commentary because unmeasured
confounding will in most cases bias the association
reported away from the null, for example, confounding
by indication where medications appear to cause outcomes
they are meant to prevent or healthy user bias where the
healthiest continue treatment [12] and will rarely explain
null findings in register-based studies.

Even though register-based data are important for
evaluating associations, it is critically important to evaluate
biases in such studies. Furthermore, even though the whole
population is included, the possible lack of generalizability
of the study results to other populations should be
acknowledged.

The aim of this commentary is to discuss the potential
limitations of large nationwide register-based studies
reporting null findings with a focus on three questions: Even
though the whole population is included, is the study large
enough? Is the null finding just a result of misclassification?
Is the result from one country generalizable to other
countries? Based on these questions, I will present recom-
mendations for register-based studies reporting null findings.
1. Is the study large enough?

Even though register-based studies including all persons
in a whole country are large, for rare exposures and
diseases, the number of exposed persons and specific
outcomes may still be too low. In studies on rare exposures
and outcomes, even a register-based study may be suscep-
tible to type II error. In general, sample size considerations
are informative when evaluating whether the study will be
suitable for the specific research question.

The procedure of calculating sample size before
conducting a study is an integral element of randomized
controlled trials. In observational studies, the situation is
not similar even though the STROBE statement (STrength-
ening the Reporting of OBservational studies in Epidemi-
ology) recommends sample size calculation when
planning a new study [13]. In studies with data already
available for other purposes (such as register-based
studies), it is more important to evaluate whether the results
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produced will have sufficient statistical precision to
contribute substantially to the literature [13]. This could
be done during the protocol development of the study, for
example, as part of the application process for data access.
Information on expected number of exposed persons and
number of events is often available, but information on
relevant effect sizes and effects of adjustment of confound-
ing variables on the risk estimates is often difficult to
include in a formal sample size calculation. The recommen-
dation of including information on relevant effect sizes is
also presented in the RECORD statement (REporting of
Studies Conducted Using Observational Routinely
Collected Health Data) [14].

In some studies, the lack of power or small power of the
specific investigation has been discussed [6,8]. These
considerations are better placed as part of the planning of
studies with expected low number of exposed persons or
a low number of diseased persons. This leaves the reader
with better opportunity to evaluate whether the study is
large enough to substantially contribute to the literature.
2. Is the null finding just a result of misclassification?

Register-based studies use reporting from clinicians,
health care professionals, and administrative personnel.
This leaves room for misclassification of exposure,
outcome, and confounders. In general, when exposure
information is collected before the event of a case, exposure
will be nondifferentially misclassified, that is, misclassified
independently of outcome. In the same way, outcome
information may be misclassified independently of
exposure because it is separated in time. According to
epidemiological methodology, nondifferential misclassifi-
cation will generally underestimate the association between
exposure and outcome at least for relative risk measures
which are the most commonly used effect measures. This
bias has been discussed in some register-based null findings
[3e5,7], and in general, it has been argued that this
misclassification will result in an underestimation of the
association. In studies reporting null findings, this means
that the result could be a result of misclassification.
Table 1. Influence of nondifferential misclassification of exposure on obse
outcomes among exposed persons (incidence proportion 5 1,500/100,000

Sensitivity 0.60 0.70 0.80

0.60 1.22 (82) 1.35 (73) 1.50 (6
0.70 1.36 (72) 1.50 (63) 1.65 (5
0.80 1.56 (60) 1.70 (52) 1.86 (4
0.90 1.85 (44) 2.00 (37) 2.16 (3
0.95 2.09 (33) 2.22 (27) 2.37 (2
1.00 2.43 (19) 2.54 (15) 2.67 (1

Correct relative risk of 3.00. Bias % in parentheses.
Calculations performed by the CRAN package episensr [15].
To illustrate the influence of nondifferential misclassi-
fication, a calculation of observed risk estimates in the
presence of suboptimal sensitivity and specificity of expo-
sure and outcome was performed. A study of 200,000
persons with 1,500 outcomes among 100,000 exposed
(incidence proportion 5 1,500/100,000 5 1.5%) and
500 among unexposed (0.5%) resulting in a relative risk
of 3.00 was constructed. The CRAN package episensr
was used to estimate the observed relative risk under
different values of sensitivity and specificity. Because
the misclassification is nondifferential, the sensitivity
and specificity of outcome are similar for exposed and
nonexposed and vice versa.

Table 1 presents the influence of nondifferential misclas-
sification of exposure, showing that a sensitivity and
specificity above 0.90 result only in minor bias. For some
exposures, like vaccination status, which is tax refunded
and payment to the general practitioner is only made when
the vaccination is registered, the sensitivity and specificity
are probably high. For other exposures like drug use, the
information is based on prescription redemption and not
the actual consumption of the drug. This could lead to
decreased specificity because some patients redeeming
the drug will not actually consume the drug (secondary
noncompliance). In this situation, the observed relative risk
will be an underestimate of the real effect.

The influence of nondifferential misclassification of the
outcome of the same relative risk is heavily influenced by
the specificity of the outcome, while sensitivity has only
minor influence (Table 2). Even a very low sensitivity with
very high specificity does not influence the association,
while specificity below 0.99 introduces severe bias.

The sensitivity and specificity depend heavily on the
outcome of interest. In a review of validity of specific diag-
noses in the Danish National Patient Register, Schmidt
et al. [16] showed that the sensitivity varied strongly
between diagnoses and procedures and was very low for
some diseases. In general, specificity was higher (above
0.95), but even a specificity of 0.95 could result in marked
attenuation of the relative risk (Table 2).

A final note is that even though misclassification in
register-based studies will generally be nondifferential
rved relative risk in a cohort study of 200,000 persons with 1,500
5 1.5%) and 500 among unexposed persons (0.5%)

Specificity

0.90 0.95 1.00

3) 1.68 (53) 1.79 (47) 1.91 (41)
4) 1.83 (45) 1.94 (40) 2.05 (35)
4) 2.04 (35) 2.14 (31) 2.25 (26)
0) 2.33 (23) 2.43 (19) 2.54 (15)
1) 2.54 (15) 2.64 (12) 2.74 (8)
1) 2.82 (6) 2.90 (3) 3.00 (0)



Table 2. Influence of nondifferential misclassification of outcome on observed relative risk in a cohort study of 200,000 persons with 1,500
outcomes among exposed persons (incidence proportion 5 1,500/100,000 5 1.5%) and 500 among unexposed persons (0.5%)

Sensitivity

Specificity

0.90 0.95 0.98 0.99 0.999 1.00

0.60 1.05 (96) 1.10 (91) 1.25 (79) 1.46 (66) 2.50 (17) 3.00 (0)
0.70 1.06 (95) 1.12 (90) 1.29 (77) 1.51 (62) 2.56 (15) 3.00 (0)
0.80 1.07 (94) 1.14 (88) 1.33 (74) 1.57 (59) 2.60 (13) 3.00 (0)
0.90 1.08 (93) 1.16 (87) 1.36 (72) 1.62 (56) 2.64 (12) 3.00 (0)
0.95 1.08 (93) 1.17 (86) 1.38 (71) 1.64 (55) 2.65 (11) 3.00 (0)
1.00 1.09 (92) 1.17 (85) 1.39 (70) 1.66 (54) 2.67 (11) 3.00 (0)

Correct relative risk of 3.00. Bias % in parentheses.
Calculations performed by the CRAN package episensr [15].
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[10], in some situations, the outcome may be differentially
misclassified, for example, if exposed persons are followed
more closely by health care professionals than nonexposed
persons. This could result in ascertainment bias which will
overestimate the association [17].

3. Is the result from one country generalizable to other
countries?

Even if researchers from one country show that an expo-
sure is not associated with an outcome in that specific
population, it is important to evaluate whether these results
are valid in other populations. Other populations could be
the same country at some other time period or other
geographical populations [10]. A register-based study in
one given time period including the whole population could
be viewed as a sample of a larger theoretical population
independent of time and place [18].

Generalization in epidemiology has been defined as an
elaboration of scientific theory, and theories can be
viewed as general statements of nature that tell us what
to expect in settings where people were not studied
[19]. This view of generalization is most applicable to
associations that do not change over time, for example,
the influence of smoking on lung cancer studied among
British doctors [20] is probably generalizable to other
populations at different times and in different places.
Other associations, for example, socioeconomic differ-
ences in smoking prevalence, may not be generalized to
other times or places.
4. Recommendations

Based on this presentation, I propose three recommenda-
tions to make null findings more convincing.

The first recommendation is to consider whether the
register-based study of a whole population will provide
results with sufficient precision to substantially contribute
to the literature. This is especially important in studies of
rare exposures or events where a study of one population
may be too small to convincingly support a null finding.
The effect size should be based on effect sizes that are
clinically relevant or relevant to public health. The sample
size consideration can be informal in a situation where data
are already available through registers [13] but should be
performed before the register-based study is initialized,
for example, as part of the protocol development, or at least
before the analyses are performed.

The second recommendation is to perform sensitivity
analyses of nondifferential misclassification of exposure
and outcome, which may have strongly attenuated the
observed association. Such sensitivity analysis should not
be a qualitative discussion of the pattern and direction of
influence of misclassification but should include quantita-
tive analyses to evaluate the magnitude of the misclassifica-
tion [15]. This will add to the discussion of whether the null
finding could be a result of misclassification. Different
methods of quantitative sensitivity analyses of misclassifi-
cation have been proposed [15], for example, by including
information on misclassification of exposure, outcome, or
confounders and then reconstruct the data set as it would
have been in case of no misclassification. This evaluation
of misclassification should be based on estimates of sensi-
tivity and specificity from validation studies. If these
studies are not available, exposures and outcomes that
may relate to the variables of interest could be used, but,
preferably, validation studies should be conducted.

The third recommendation is that the discussion in the
papers should include a discussion of the generalization
of the results. This discussion should be based on descrip-
tives of the exposure prevalence and pattern over time, the
outcome definition and incidence over time, and finally, the
confounder distribution. This information is important to
consider for other researchers when they evaluate whether
the results from this single country are generalizable to
other times and places.

Register-based whole-population studies reporting null
findings have often been put forward as strong evidence
against an association between proposed detrimental
exposure and outcome. In this commentary, I recommend
that null finding studies should include sample size consid-
erations even though the study is based on whole
population, should quantitatively evaluate whether nondif-
ferential misclassification could explain the null finding,
and evaluate the generalizability of the results to other
populations.
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Supplementary data

Supplementary data related to this article can be found at
http://dx.doi.org/10.1016/j.jclinepi.2017.02.011.
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