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Abstract The objective of this study was to ana-
lyze the scientific literature in public oral health
regarding calculation, presentation, and discus-
sion of the effect size in observational studies. The
scientific literature (2015 to 2019) was analyzed
regarding: a) general information (journal and
guidelines to authors, number of variables and
outcomes), b) objective and consistency with
sample calculation presentation; c) effect size
(presentation, measure used and consistency with
data discussion and conclusion). A total of 123
articles from 66 journals were analyzed. Most ar-
ticles analyzed presented a single outcome (74%)
and did not mention sample size calculation
(69.9%). Among those who did, 70.3% showed
consistency between sample calculation used and
the objective. Only 3.3% of articles mentioned the
term effect size and 24.4% did not consider that
in the discussion of results, despite showing effect
size calculation. Logistic regression was the most
commonly used statistical methodology (98.4%)
and Odds Ratio was the most commonly used
effect size measure (94.3%), although it was not
cited and discussed as an effect size measure in
most studies (96.7%). It could be concluded that
most researchers restrict the discussion of their
results only to the statistical significance found in
associations under study.

Key words Statistical data interpretation, Ob-
servational study, Bias
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Introduction

Effect size is a descriptive measure that allows the
discussion of results in terms of the magnitude of
the effect of intervention or study factor', and it
is recommended that this value be reported and
interpreted by researchers in their scientific ar-
ticles?.

Taken together, effect size and statistical sig-
nificance allow the true significance to be assessed
without a possible misleading effect of the sam-
ple size**, which can occur when only statistical
significance is taken into account®. In this way;, it
is possible to describe and analyze the observed
effects, since large but not statistically significant
effects suggest that future studies need greater
test power (larger sample size), while small but
significant effects due to the large sample size,
must be taken into account and discussed, thus
avoiding overestimation of the observed effect’.

The level of significance still dominates the
preference of researchers when discussing data
found, even though the debate about the need for
its proper interpretation® is not new, since the real
meaning and isolated interpretations of p-values
may be accompanied by misinterpretation’. In
observational studies, much more than in ran-
domized trials, bias and confusion can suppress
the assumption that there is only a 5% probability
that the observed effect is seen by chance when
in reality there is no effect, since by definition, in
this type of study, there is no intervention and ex-
posure may not be the only potential explanation
for differences observed in results®.

Hypothesis tests are applied to control the
probabilities of errors when rejecting or not a
hypothesis. However, when analyzed in isolation,
the results of these tests only inform the proba-
bility of the result found to be by chance and fre-
quently, results with lower probability p-values
(e.g. p<0.001) are erroneously interpreted as hav-
ing stronger effect than those with higher p-val-
ues (e.g. p<0.05)%. Determining the magnitude of
the effect of interest and the accuracy of estimat-
ing the magnitude of this effect’ are fundamental
aspects to be considered when weighing the clin-
ical or practical importance of the results, and for
this purpose, the analysis of effect sizes and con-
fidence intervals must be considered*”.

Cohen presents and classifies the effect sizes
for different statistical methodologies'®", being
commonly presented as the standardized mean

difference (Cohen’s d or Hedges g) or as the
strength of association (Pearson’s r) between two
groups or variables'2. Cohen'*! also provided
guidelines for the interpretation of these values
based on the notion that an average effect should
be noticeable to the naked eye of a careful ob-
server: values of 0.20; 0.50 and 0.80 for Cohen’s
d and Hedges’ g and 0.10; 0.30 and 0.50 for the
correlation coefficient are commonly considered,
respectively, as indicative of small, medium and
large effects, which represent the manifestation
of the phenomenon evaluated in the population.

The effect size depends on the result obtained
and the population of interest and therefore, it is
suggested that the classification of the effect size
distribution should be analyzed in each of the
study areas'?.

In the area of public oral health, investiga-
tions often seek to identify association between
risk or protective factors for diseases or clinical
measures. In this case, the measures that quantify
the magnitude of this association are usually ex-
pressed by odds ratio (OR), prevalence ratio (PR)
or relative risk (RR), depending on the study de-
sign and type of variables under study®, the first
two measures being indicated for cross-sectional
observational studies, with OR also indicated in
case-control studies and RR indicated for longi-
tudinal studies. These measures are considered
non-standardized effect size statistics, as they in-
dicate the direction and strength of association
between exposure variables and the outcome.

For OR, which is the effect size index most
commonly used to demonstrate increase or de-
crease in the chance of disease in epidemiological
studies, the authors determined that, for disease
rate of 1% in the unexposed group, the refer-
ence limits that reflect “weak association” (Co-
hen’s d=0.20); “moderate association” (Cohen’s
d=0.50) or “strong association” (Cohen’s d=0.80)
are ORs of 1.68, 3.47 and 6.71, respectively. Con-
sidering disease rate of 5% in unexposed people,
the corresponding reference limits are 1.52, 2.74
and 4.72%

Thus, the objective of the present study was to
analyze and discuss a section of the specific scien-
tific literature in the area of public oral health re-
garding calculation, presentation and discussion
of the effect size on the results of observational
studies. In addition, the study aimed to detail the
calculations and interpretation of effect size mea-
sures that can be used in articles in this area.



Methods
Type of study and ethical considerations

This is an observational, retrospective study
with theoretical discussion. As this is a study
with data collected from public domain databas-
es, there was no need for ethical evaluation.

Search strategy, selection of journals
and studies

In January 2020, a search was carried out in
electronic databases considering the period from
January 2015 to December 2019. Searches took
place considering articles published with open
and free access in MEDLINE - via PubMed using
MeSH terms (Medical Subject Headings): (oral
health) OR (dentistry) AND (logistic models)
AND (analysis regression) AND free full text[sb]
AND “last 5 years”[PDat]))). All observational
studies found were included.

Study variables

Two calibrated examiners performed the
search for articles and by consensus, they were
assisted in cases of doubts or disagreements by a
third examiner, who collected and analyzed the
following information in the selected articles:

Basic information: Journal; Year of publica-
tion.

About the study: Type of study; Research ob-
jective; Sample size; Number of variables; Detail-
ing of outcomes; Instruments used in data col-
lection; Presence or absence of sample statistical
calculation; Parameters used for sample size cal-
culation; Consistency of sample calculation with
the research objective; Statistical methodology
used; Did the study mention the term effect size?;
Effect size presentation and, if so: which measure
was presented, what is the value of the minimum
significant effect size, if the minimum significant
value was medium or large and not significant,
was this finding discussed?, if the minimum sig-
nificant value was small and significant, was it
discussed?; Did the study consider the effect size
found in the conclusion section?

Effect size calculation and classification
The effect size measures found in articles

were detailed in terms of their concepts, calcula-
tions and interpretations.

Effect size in the norms of journals
in the area

A search was carried out in the norms of
journals responsible for the publication of three
or more articles selected for the present search,
seeking in the guidelines to authors the presence
of recommendation for effect size presentation.

Results
Description of studies

A total of 123 articles from 66 journals were
included in the study, of which 9.8% (12) were
published in 2015; 17.1% (21) in 2016; 30.1%
(37) in 2017; 25.2% (31) in 2018 and 17.9% (22)
in 2019.

Table 1 presents a summary of the main char-
acteristics of analyzed articles. It was observed
that most of selected studies had a single outcome
(74%), did not report sample size calculation
(69.9%) and among those that did, in 70.3% of
them, there was consistency between sample size
calculation and the study objective. For articles
in which these consistencies were not observed,
there is a common error in calculating the sample
size for the purpose of estimating prevalence in
studies with the objective of measuring associa-
tion.

Table 2 presents the statistical methodologies
used in studies and the way in which results are
presented. It was observed that logistic regression
was the most commonly used statistical method-
ology and the effect sizes of associations were
represented in articles mainly by the odds ratio,
which in turn, had small magnitudes and little
discussed in most articles. It was also observed
that only 3.3% of articles mentioned the term ef-
fect size and 24.4% did not consider, despite hav-
ing calculated, the effect size in the discussion of
results.

Effect size in the norms of journals
in the area

Table 3 presents the results of the search in
the journals’ norms regarding the presence of
recommendation for the effect size presentation
in manuscripts. It was observed that together,
they published 50.3% of the evaluated produc-
tion and only 2 of the 10 journals mentioned ef-
fect size presentation in the guidelines to authors.
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Table 1. Characteristics of the articles analyzed (January 2015 to December 2019, MEDLINE database - via

PubMed).
Characteristic Categories Frequencies %
Number of outcomes 1 91 74.0
2 25 20.3
3 3 2.4
4 or more 3.3
Sample calculation presentation No 86 69.9
Yes 37 30.1
Consistency of sample calculation with the question and No 11 29.7
design Yes 26 70.3

Source: Authors.

Table 2. Methodological characteristics of research in the area of Public Health (January 2015 to December

2019, MEDLINE Base - via PubMed).

Characteristic Categories Frequencies %
Statistical methodologies used Linear regression 1 0.8
Logistic Regression 121 98.4
Poisson Regression 1 0.8
Effect sizes Odds ratio 116 94.3
Relative risk 2 1.6
Prevalence ratio 1 0.8
Not presented 4 3.2
Minimum significant OR (effect size) in ~ Up to 1.5 54 55.1
cases where OR are presented 1.5-2.0 16 16.3
2.0-2.5 12 12.2
2.5-3.0 7 7.1
>3.0 9 9.2
When the minimum significant OR was ~ No 3 333
medium or large, it was discussed Yes 6 66.7
When the minimum significant OR was ~ No 12 44.4
small, it was discussed Yes 15 55.6
Mentions effect size No 119 96.7
Yes 4 3.3
Takes effect size into account in the No 30 244
conclusion? Yes 93 75.6

Source: Authors.

Analysis of effect sizes presented

As a way of presenting the effect sizes used
in articles in the area, the concepts of odds ra-
tio (OR), relative risk (RR) and prevalence ratio
(PR) and their calculations based on simulated
data are detailed.

Odds ratio (OR)

OR with respective confidence intervals can
be estimated from the coefficients of logistic re-
gression models.

To exemplify the calculation and facilitate the
measurement interpretation, simulated data pre-
sented in Table 4 were used. Two cross-sectional
studies were simulated to evaluate the association
between the consumption of sweetened beverag-
es and caries experience in children, with similar
results, but different sample sizes and logistic re-
gression analysis was used to estimate OR.

Considering data from simulation 1, the
sample size used was 64. Despite OR being 2.15,
the confidence interval is wide due to the small
sample size (95%Cl: 0.66-6.95) and the associa-



Table 3. Journals with more articles evaluated and recommendations on the effect size presentation according to
guidelines to authors. (January 2015 to December 2019, MEDLINE Base - via PubMed).

Journal Frequency % Recommendation
Braz Oral Res 16 13.0 Not included
Cien Saude Colet 11 8.9 Not included
PLoS One 9 7.3 « Reporting of statistical methods: If appropriate,

Int J Environ Res Public Health 7 5.7
Int ] Equity Health 4 33
Aust Dent J. 3 2.4
BMC Public Health 3 2.4
BM]J Open 3 2.4
J Appl Oral Sci. 3 2.4
] Formosan Med Assoc. 3 2.4

provide sample sizes, along with a description of how
they were determined. If a sample size calculation
was performed, specify the inputs for power, effect size
and alpha. Where relevant, report the number of
independent replications for each experiment

« Reporting of statistical results (Reporting
parameters): Test statistics (F/t/r) and associated
degrees of freedom should be provided. Effect

sizes and confidence intervals should be reported
where appropriate. If percentages are provided, the
numerator and denominator should also be given
Not included

Not included

Not included

Not included

« Results: main results with (for quantitative studies)
95% confidence intervals and, where appropriate, the
exact level of statistical significance and the number
need to treat/harm. Whenever possible, state absolute
rather than relative risks

Not included

Not included

Source: Authors.

tion was not statistically significant (p=0.3211).
The result of the same study was then simulated
(Simulation 2); however, with larger sample size
(n=632). It was observed that results were simi-
lar, that is, OR was 2.11, but with 95% CI of 1.44-
3.08 and in this case, the association was statisti-
cally significant (p=0.0001).

In both cases, OR is close to two, but depend-
ing on the sample size, there is a change in the
amplitude of the confidence interval and in the
statistical significance. In simulation 2, it was ob-
served that children who consumed sweetened
beverages were 2.11 (95%CI: 1.44-3.08) times
more likely of experiencing dental caries. To un-
derstand what this significant chance represents,
in the group of children who did not consume
sweetened beverages, 172 children had caries ex-
perience; therefore, the likelihood of having car-
ies experience in this group is 172/75=2.29. Like-
wise, the likelihood of having caries experience
in children who consume sweetened beverages
is 319/66=4.83. The relationship between these

two likelihoods (4.83/2.29) results in odds ratio
of 2.11.

When OR is significantly greater than one,
the category under study is more likely of having
the event than the reference category.

Prevalence Ratio (PR)

PR with the respective confidence intervals
can be estimated from Negative Binomial and
Poisson regression models.

Table 4 also presents the results of simulation
2, calculating this measure of association in sub-
stitution to OR. It was observed that in the group
of children with caries experience, the prevalence
of schoolchildren who consumed sweetened bev-
erages is 1.19 times higher than in the group of
children without caries experience. In the group
of children with caries experience, the prevalence
of children who do not consume sweetened bev-
erages is 69.6% and 82.9% for those who do. Cal-
culating the relationship between the two prev-
alences (82.9%/69.6%) leads to prevalence ratio
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of 1.19. The greater the distance between PR in
relation to PR=1 (both for more and for less), the
greater the effect size for this variable.

When PR is significantly greater than one,
the category under study has higher prevalence
of the event than the reference category.

Relative Risk (RR)

This measure of association can only be cal-
culated in longitudinal cohort studies” and,
therefore, represents the relative risk of develop-
ing the outcome in exposed in relation to unex-
posed ones. RR with the respective confidence
intervals can be estimated from Negative Bino-
mial and Poisson regression models.

While PR is the ratio between two prevalenc-
es, RR is the ratio between two incidences. As an
example, in a simulated study (Table 5), the im-
pact of caries experience on oral health-related
quality of life was evaluated. From the negative
binomial regression analysis, RRs were estimat-
ed. For caries experience, RR was 1.50 (95%CI:
1.04-2.17), p=0.0204. In this case, the interpre-
tation is that the presence of caries is associated
with a 50% increase in the impact of oral health
on quality of life. In the same way as OR and PR,
the greater the distance between RR in relation to
RR=1 (both for more and for less), the greater the
effect size for this variable.

In the group without caries experience, the
risk of having worse quality of life is 30/100=30%.
In the group with caries experience, the risk of
having worse quality of life is 45/100=45%. So,
the relative risk=45%/30%=1.5. That is, children
with caries experience are 1.5 times more likely
of having worse quality of life.

Discussion

The present study reinforces the fact that al-
though the literature in the area of statistics for
a long time exposes the need and importance of
presenting and discussing the effect size in arti-
cles, it was observed that only 3.3% of evaluated
articles mentioned in their texts the term effect
size and 24.4% did not consider the effect size in
the discussion of results, despite having calculat-
ed it. Since 1925, Fisher proposed that research-
ers add the correlation rate or 1 (eta) to the sig-
nificance of the analysis of variance (ANOVA),
that is, the effect size, representing the strength of
association between independent and dependent
variables'.

Although slower than necessary, there has
been pressure from scientific journals on re-
searchers so that effect sizes are reported and
interpreted in articles>">. Among journals ana-
lyzed in the literature review carried out in this
study, those that published three or more of the
included studies were selected, which together
accounted for more than 50% of selected articles,
and it was found that only 20% of them explic-
itly suggested reporting the effect size of articles
in their guidelines. This finding is in agreement
with a previous study that identified that only a
small portion of journals from different areas ex-
plicitly recommended in the standards to authors
calculating the magnitude of the effect size'.

There is a great deal of misunderstanding in
literature about the correct definition of the ef-
fect size, which is sometimes incorrectly used.
Kelley and Preacher’® propose a definition for the
effect size and discuss it based on three partic-

Table 4. Example of the use of odds ratio (OR) or prevalence ratio (PR) in the analysis of the association between
consumption of sweetened beverages and caries experience in children (simulated data).

Consumption

Caries experience

of sweetened beverages Frequency No Yes (95%C1) p-value
QOdds ratio - Simulation 1 OR (95%CI)
No 25 8 (30.0%) 17 (68.8%) Reference
Yes 39 7 (16.9%) 32 (81.8%) 2.15 (0.66-6.95) 0.3211
QOdds ratio - Simulation 2 OR (95%CI)
No 247 75 (30.4%) 172 (69.6%) Reference
Yes 385 66 (17.1%) 319 (82.9%) 2.11 (1.44-3.08) 0.0001
Prevalence Ratio - Simulation 2 PR (95%CI)
No 247 75 (30.4%) 172 (69.6%) Reference
Yes 385 66 (17.1%) 319 (82.9%) 1.19(1.08-1.31) <0.0001

Source: Authors.



Table 5. Use of Relative Risk (RR) in the analysis of the association between caries experience and oral health-

related quality of life (simulated data).

Caries experience Frequency Quality of life PR (95%CI) p-value
Worse Better
No 100 30 (30.0%) 70 (70.0%) Reference
Yes 100 45 (45.0%) 55(55.0%)  1.50 (1.04-2.17)  0.0204

Source: Authors.

ularities (dimension, measure/index and value).
According to these authors, the effect size can be
presented with a statistic that estimates the mag-
nitude of the effect (for example, correlation co-
efficient=0.3) or with a qualitative interpretation
of this statistic (median correlation), which must
take into account the practical applicability of
the finding. Also according to the authors, effect
size is often linked to the idea of substantive sig-
nificance (for example, practical, clinical, med-
ical or managerial importance), which can be
understood as the degree to which stakeholders
(scientists, professionals, politicians, managers,
consumers, decision makers, the general public,
etc.) would consider a discovery important and
worthy of attention and possibly of action.

In this context, the exclusive use of the signif-
icance level to analyze and discuss the findings
is not enough*’ as it only informs whether the
research result is due to the analyzed effect or to
chance (sample variability). Practical significance
informs whether the results are useful in the real
world and is analyzed by the effect size found, be-
ing essential to draw the attention of researchers
to the need to analyze the effect sizes found in
their publications'®". In addition, previously ob-
served effect sizes can serve as a basis for calcu-
lating power, for estimating the appropriate sam-
ple size in further studies"*", for understanding
the study results in the context of previous stud-
ies, in addition to facilitating the incorporation
of their results in future meta-analyses, which are
very relevant as a standard method of quantita-
tive review in biology®.

According to Kirk", the magnitude of the
effect can be classified into three categories: a)
measure of the strength of associations, b) mea-
sure of the effect size (typically standardized dif-
ference between means), c) other measures.

Most articles that present and/or discuss
effect size use ANOVA, t test and calculate the
effect according to Cohen'®", but as verified in
the present study, these statistical methodologies
are rarely used in articles in the area of Public

Oral Health and very little is said about effect size
when using logistic regression analysis, which is a
statistical methodology used in 98.4% of articles.

In the present study, it was observed that
articles present the effect size by measuring the
strength of associations between variables, since
in 94.3% of selected articles, the presentation of
the odds ratio (OR) was verified, corroborating
Chen et al.5, who reported that this is probably
the most commonly used effect size index in
epidemiological studies because it reflects the
chances of a successful or desired outcome in the
intervention group in relation to the chances of a
similar outcome in the control group®.

Breaugh'® highlights some misconceptions
about effect size estimates and introduces a se-
ries of effect size measures that, according to the
author, depending on the research context and
target population, can better communicate the
importance of the relationship between two vari-
ables. In the case of dichotomous variables, there
is a limitation in the use of phi as an effect size
measure (¢ is a measure commonly used as effect
size in 2 x 2 contingency table analysis) because
its possible amplitude is affected by the variable
distribution. In certain areas such as medicine,
it is common for a risk ratio to be reported as a
measure of effect size. In this context, many stat-
isticians have suggested reporting OR as a mea-
sure of effect, rather than the risk ratio or the phi
coefficient, as seen in articles evaluated in the
present study.

A desirable property of OR is that its possible
range of values is not influenced by the marginal
distributions of variables. It was observed in the
present study that the vast majority of articles
evaluated (96.7%) presented OR as a measure of
the effect size, but 24.4% did not take this val-
ue into account when discussing the results and
conclusions, which leads to the understanding
that the authors have based the discussion and
conclusion of their works only on p-values. In
articles evaluated, 8.9% made conclusions based
on significant association without mentioning
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that the effect size was small. In addition, 33.3%
of articles concluded that the association was not
significant, without mentioning that the OR was
medium or large, that is, the sample was proba-
bly small and other studies need to be carried out
with larger samples. Therefore, the authors have
to take this into account and these two important
information, that is, the p-value and the effect
size, in this case the degree of association (OR).

Chen et al.® present OR classification into
small, medium and large according to the prob-
abilities being compared and Durlak'® presents a
guide for the selection, calculation and interpre-
tation of effect sizes. In this study, different types
of commonly used effect sizes are discussed.

Ferguson'® recommends small, medium, and
large odds ratio effect sizes of 2.0; 3.0 and 4.0,
but recommends caution in their use, as they are
not “anchored” to the Pearson correlation coef-
ficient. Although many authors have pointed to
problems with ¢ as a measure of association and
encourage the use of odds ratios as alternative, ef-
fect size recommendations for odds ratios do not
generally exist. The authors demonstrate the re-
lationship between ¢ and odds ratio and recom-
mend chance effect sizes derived from Cohen’s
work. For a 1:1 allocation ratio, odds ratio of 1.22;
1.86 and 3.00 correspond to small, medium, and
large effect sizes.

Thus, the effect size (substantive significance)
complements the statistical significance and one
measure does not replace the other, and must
be analyzed in a complementary way, so that a
step towards scientific veracity is taken. Ialon-
go® presents an introduction and a guide for the
reader interested in the use of effect size estima-
tion and emphasizes that evidence can be quan-
tified by hypothesis tests, which represent the
probability (or p-value) by which it is likely to

consider the observation shaped by chance (the

so-called “null hypothesis”) rather than by the
phenomenon (the so-called “alternative hypoth-
esis”). The size at which the p-value is considered
small enough to exclude the effect of chance cor-
responds to statistical significance. So, when the
researcher obtains a non-significant result, two
possibilities must be considered: the first is that
there is no phenomenon and only the effect of
chance is being observed, and the second is that
the phenomenon exists, but its effect is small and
confused with the effect of chance.

It is in the second possibility that the issue
about the importance of presenting the phenom-
enon when it actually exists arises, quantifying it
by calculating the effect size, that is, how large (or
small) is the expected effect produced by the phe-
nomenon in relation to the observation through
which it is intended to be detected. For this rea-
son, researchers should be encouraged to present
the effect size in their work, particularly report-
ing it whenever the p-value is mentioned.

Among the study limitations, it is noteworthy
that a literature review was carried out to contex-
tualize the theme and the frequencies presented
apply only to this review. Despite this, the results
presented here allowed performing a theoretical
discussion on the subject, providing an opportu-
nity to understand that the report and discussion
of the effect size in studies should be done as a
routine and that reviewers and editors of scien-
tific journals should pay attention to their report
and appropriate discussion.

It could be concluded in the present study
that most researchers restricted the discussion
of their results only to the statistical significance
found in the tested associations and journals do
not explicitly indicate the need to present the
magnitude of effects and the need to consider it
in the discussion of results and conclusion of the
study.
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