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Abstract

Statistical mistakes can undermine research
credibility. Identifying common errors may help
researchers avoid them in future studies. This
study evaluated the frequency and types of
statistical mistakes in dermatology journal articles
and identified article characteristics that predict
these errors. A cross-sectional analysis was
conducted on articles published in the 2023
volumes of 8 dermatology journals. Articles were
screened for statistical tests, with a target sample
of 200 selected pseudorandomly. Multivariable
logistic regressions assessed predictors of
statistical mistakes, including journal impact factor,
statistician involvement, funding source, first
author highest degree, and statistical package. Of
the 189 articles analyzed, 78% contained at least
one statistical mistake. Reporting mistakes were
found in 67% and test selection errors in 46%. The
absence of statistician involvement (aOR 2.49,
P=0.03) and low journal impact factor (aOR 3.82,
P=0.02) predicted the presence of at least one
mistake. This sample from 8 journals is not
representative of all dermatology literature.
Original data were not available for testing of test
assumptions, so appropriate test selection was
determined using statistical conventions. Statistical
mistakes are prevalent in dermatology literature.
Researchers should review statistical best practices
and consider involving a statistician in their work.

Introduction

The validity and reliability of scientific research depend
upon rigorous methodology and appropriate statistical
analysis. Guidelines such as the Consolidated Standards
of Reporting Trials and Strengthening the Reporting of
Observational Studies in Epidemiology have been devel-
oped to improve the reliability of medical literature..2
Guides to avoiding common mistakes in various fields
have also been published.3-7 Despite the availability of
these resources and computerized statistics software,
statistical mistakes persist in medical literature.

Nearly two decades ago, Neville et al (2006) found
statistical mistakes in 38% of articles published in the
Archives of Dermatology and the Journal of the American
Academy of Dermatology.8 Recent investigations of der-
matology and plastic surgery randomized controlled tri-
als demonstrated that essential elements, such as the
significance level, study power, and sample size calcula-
tions are often missing.911 In other fields, studies have
found statistical mistakes in 45% of cytopathology arti-
cles,'2 94% of radiology articles,'3 98% of family med-
icine articles,’* and 75% to 93% of doctoral disserta-
tions.1516

Identifying and preventing common statistical analysis
mistakes can help researchers improve the clarity and
impact of their work. This study evaluated the frequency
and types of statistical mistakes in dermatology journal
articles published in 2023. To inform efforts at reducing
such errors, this study also identified characteristics of
articles that were associated with the presence of statis-
tical mistakes.

a Corresponding Author: Brad R Woodie, 3230 Eden Avenue, Cincinnati, OH 45267, Tel: 859-806-0443, Email: woodiebr@mail.uc.edu
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Methods

Article selection

Eight journals were chosen in a convenience sample to
represent high- and low-impact factor dermatology pub-
lications: Journal of the American Academy of Dermatology
(JAAD), British Journal of Dermatology, Journal of the Ameri-
can Medical Association (JAMA) Dermatology, Journal of the
European Academy of Dermatology and Venereology, Aus-
tralasian Journal of Dermatology (AID), Skin Appendage Dis-
orders, Pediatric Dermatology, and Cutis. The Web of Sci-
ence electronic database was searched for these journals
with publication type “article” (thus excluding letters to
the editor) and publication year 2023, returning 807 re-
sults. Our further inclusion criterion was reporting at
least one statistical test; 426 articles performing no sta-
tistical tests or solely reporting descriptive statistics were
excluded. A minimum sample size of 184 was calculated
a priori using a small effect size (Cohen’s d=0.2), a two-
sided alpha of .05, and a power of .90 for logistic re-
gression. Eligible titles were pseudorandomized using Mi-
crosoft Excel's “randomize range” function. “Randomize
range” generates pseudorandom numbers for each item,
then reorders the items based on these numbers. The
first 25 qualifying articles from the pseudorandomized
list for each journal were selected for a target sample of
200 articles. All the qualifying articles were used in jour-
nals that published fewer than 25 qualifying articles.

Possible predictors of mistakes

The following information was obtained from the in-
cluded articles: impact factor of the publishing journal,
funding source, statistician involvement, first author’s de-
gree(s), and software used for statistical analysis. Using
Clarivate 2023 Journal Impact Factors,'” journal impact
factor was categorized as “high” for JAAD (12.8), JAMA Der-
matology (11.5), British Journal of Dermatology (11.0), and
Journal of the European Academy of Dermatology and
Venereology (8.4). Impact factor was categorized as “low”
for AID (2.2), Cutis (2.1), Pediatric Dermatology (1.2), and
Skin Appendage Disorders (1.4). The funding source was
categorized into “industry,” “government,” “other, includ-
ing nonprofit or community group,” and “none or not
stated.” Statistician involvement was assessed by search-
ing author affiliations for departments of statistics, bioin-
formatics, mathematics, or related fields. In cases of un-
certainty, a Google search of the author's name and
listed affiliation was performed. We also included statis-
ticians or statistics groups mentioned in article acknowl-
edgments. The first author's highest degrees were cat-
egorized into “doctor of medicine only (eg, MD, DO,
MBBS),” “doctor of philosophy (PhD) or doctor of medi-
cine with PhD (eg, MD/PhD),” or “master’s or bachelor’s
degree.” Credentials outside of the listed degrees were
placed into the best-matched category. Author degrees
were obtained from a Google search of the author's
name and affiliation if not provided by the journal.

Defining mistakes in statistical reporting

The first of two categories of statistical mistakes in this
study comprised errors or omissions in reporting. These
included: failure to state a significance level (eg, “signif-
icance was set at P<0.05"), failure to state if the signifi-
cance level is one-sided or two-sided, failure to include
a measure of variance for measures of central tenden-
cies (eg, mean + standard deviation), failure to report ex-
act P-values, and incorrect interpretation of the P-value.
Since x*family tests and Analysis of Variance family tests
are inherently two-sided, we did not require that authors
state one-sided or two-sided for these tests. Regarding
P-value interpretation, previous studies have found that
authors may misinterpret nonsignificant P-values using
erroneous statements such as, “trending toward signifi-
cance,” or “borderline significant.”18-20

Defining mistakes in test selection

The other category of statistical mistakes comprised er-
rors in test selection. When the article authors addressed
assumptions of their statistical tests, the corresponding
tests were considered correct. Few articles explicitly in-
clude this information, so we established criteria to de-
termine appropriate use (Table 1).

Tests not belonging to a listed test family or shown in
this table were evaluated on a case-by-case basis using
any references cited by the article authors, performing a
literature review, and consulting statistician author S.F.

For sample sizes, we utilized “rules of thumb” to eval-
uate the assumptions of parametric tests (eg, t-tests,
Analysis of Variance, Pearson rank correlation). Larger
samples allow more flexibility with violations of normal-
ity, so @ minimum group size of 30 was chosen for these
tests. The Central Limit Theorem supports this approach,
as larger sample sizes lead to a normal distribution of
sample means, even if the original data is not normal.2".
22 |n unpaired or paired testing methods, the study de-
signh was examined to ensure that variables were inde-
pendent or dependent, respectively.

The x? test requires each observation to be indepen-
dent and that the expected frequency in at least 80% of
the contingency table cells is at least 5. If the latter con-
dition is violated, the Fisher's exact test should be used,
especially if any expected frequency is less than one.23

For regression, the concept of “minimum” sample
sizes is a nuanced and highly debated topic in statis-
tics.24-26 |n our study, logistic and Cox regressions were
considered appropriate if the sample size was at least
100 and included 10 events per independent vari-
able.27-32 An “event” refers to the less frequent outcome
rather than the total sample size.32 Linear regressions
were considered appropriate with a sample size of at

least 25 and at least 10 cases per independent vari-
able.2233-35
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Table 1. Criteria Used by Evaluators to Identify Test Selection Mistakes

Test or Test Family

Assumptions that were evaluated

Numerical criteria (if applicable)

Approximation to the x? distribution

Expected count 25 in 280% of cells

x? test

Observations are independent

mutually exclusive

Cells in the contingency table are

Observations are independent

Fisher's exact test

mutually exclusive

Cells in the contingency table are

Unpaired T-test

Approximate normality of observations

Group size 230 or article addresses
normality @

Groups are independent

Mann-Whitney U-test/Wilcoxon
Rank-Sum

Groups are independent

Paired T-test

Approximate normality of observations

Group size 230 or article addresses
normality

Groups are paired

Wilcoxon signed rank Groups are paired

Logistic regression o
g g model stability

Approximate normality of errors and

Group size 2100 and 210 events per
variable

Cox regression o
g model stability

Approximate normality of errors and

Group size 2100 and 210 events per
variable

Linear regression model stability

Approximate normality of errors and

Group size 225 and 210 events per
variable

Relationship approximately linear

Analysis of Variance (ANOVA) residuals

Approximate normality of group

Group size 230 or article addresses
normality

Groups are independent

Kruskal-Wallis

Groups are independent

Analysis of Covariance residuals

Approximate normality of group

Group size 230 or article addresses
normality

(ANCOVA)

Groups are independent

Pearson correlation

Approximate normality of observations

Group size 230 or article addresses
normality

Monotonic relationship (if plot available)

Spearman correlation

Monotonic relationship (if plot available)

@ |f article authors addressed a normality assumption qualitatively or with a formal test, this criterion was considered correct.

Article evaluators

Authors BW, GJ, JF, and JP served as primary evaluators
in the study. Before data collection, all evaluators com-
pleted the courses “Understanding Clinical Research: Be-
hind the Statistics,” (University of Cape Town) and “Re-
gression Models” (Johns Hopkins University) available on
Coursera (www.coursera.org). Primary evaluators and
statistician S.F. discussed and agreed upon the criteria
for appropriate statistical reporting and test selection at
the initiation of the study. To determine inter-rater reli-
ability, evaluators independently rated 20 articles, which
were again pseudorandomly selected. Fleiss’ kappa was

0.71, indicating moderate agreement. Each article in-
cluded in this study was then reviewed by two indepen-
dent evaluators. Any supplemental content was also re-
viewed for each article. The scoring of mistakes for each
article was discussed between its two reviewers until
agreement was reached. When uncertainty remained
over the correct scoring, S.F. served as the adjudicator.
Of note, multiple uses of the same test within the same
article were only counted once. If we judged at least one
of the test selection instances to be a mistake, we scored
the article’s use of that test as a mistake.


http://www.coursera.org/
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Statistical analysis

Descriptive statistics include frequencies and percent-
ages of mistakes by category. Univariable logistic regres-
sions were performed with the article characteristics (sta-
tistician involvement, journal impact factor, first author
highest degree, funding source, and statistical package).
There was no missing data.

With only 42 papers (22%) having no statistical mis-
takes, we included two binary predictors and one predic-
tor with three nominal levels in our primary multivariable
logistic regression to respect the 10 events-per-variable
convention. Multivariable logistic regression was per-
formed with predictors being statistician involvement
(present or absent), journal impact factor (high or low),
and funding source (no funding, industry funding, or
other funding). Three regressions were performed with
the outcome being any mistake, any reporting mistake,
and any test selection mistake. Multicollinearity between
predictors was not present as variance inflation factors
were less than two, where a value greater than 5 sug-
gests possible multicollinearity.3® We applied the Ben-
jamini-Hochberg correction to P-values to control the
false discovery rate from performing multiple compar-
isons.

Since we did not include the first author’s highest de-
gree or statistical package in our primary model, we per-
formed exploratory multivariable logistic regressions for
these characteristics. Adjusting for impact factor and sta-
tistician involvement, we evaluated the association of the
first author's highest degree and statistical package with
the presence of mistakes. Misinterpretation of the P-
value was also evaluated in an exploratory multivariable
logistic regression with impact factor and statistician in-
volvement as predictors. Statistical analysis was con-
ducted in SAS v9.4 (Cary, NC). This study followed the
Strengthening the Reporting of Observational Studies in
Epidemiology reporting guidelines.

Results

A total of 189 qualifying journal articles published in 2023
were selected from the eight journals of interest. Cutis
had only 21 qualifying articles and Skin Appendage Dis-
orders had only 18 qualifying articles, whereas 25 were
pseudorandomly selected from each of the other 6 jour-
nals. At least one mistake was found in 147 articles
(77.8%), with 127 having at least one statistical reporting
mistake (67.2%) and 87 having at least one test selection
mistake (46.0%) (Figure 1). The most common statistical
reporting mistake was failing to state if the significance
level was one-sided or two-sided (Table 2). The most em-
ployed statistical test was the x? test and the most mis-
used test by percent incorrect was the paired t-test (Fig-
ure 2). Categories of test selection mistakes are shown in
Table 3.

Univariable logistic regressions showed that the ab-
sence of statistician involvement and low journal impact
factor was associated with any statistical mistake, any re-

Table 2. Frequencies of Mistakes in Reporting Statistical
Information

Statistical reporting mistake Count (%)
Did not state significance level (alpha) 35(18.5)
Did not state if the significance level is 102 (54.0)
one- or two-sided

Did not provide a measure of spread for 9(4.8)
central tendency

Did not provide exact P-values 38(20.1)
Misinterpreted P-value 28 (14.8)
Any statistical reporting mistake 127 (67.2)

porting mistake, and any test selection mistake (Figure
3). Additionally, industry funding was associated with a
lack of test selection mistakes in the univariable analysis.

Multivariable logistic regression was performed to
evaluate the roles of statistician involvement, journal im-
pact factor, and funding source in the presence of mis-
takes (Figure 4). Absent statistician involvement (ad-
justed odds ratio aOR 2.49 [1.15-5.39], P=0.03) and low
journal impact factor (aOR 3.82 [1.56-9.36], P=0.02) were
associated with the presence of a statistical mistake of
any type. A low journal impact factor was associated with
the presence of a statistical reporting mistake (aOR 3.67
[1.68-8.05], P=0.02). The absence of statistician involve-
ment was associated with the presence of a test selection
mistake (aOR 3.12 [1.57-6.21], P=0.02).

After adjusting for impact factor and statistician in-
volvement, the funding source was no longer a signifi-
cant predictor of a test selection mistake. We confirmed
that industry-funded studies were more likely to have
statistician involvement and be published in a high-im-
pact journal (Table 4).

We also performed a separate multivariable logistic
regression with impact factor and statistician involve-
ment as predictors of misinterpretations of the P-value,
which were present in 28 (15%) articles. Absent statisti-
cian involvement (aOR 2.61 [1.01-6.80], P=0.04), but not
low journal impact factor (1.91 [.84-4.34], P=0.14), was as-
sociated with misinterpretation of the P-value.

Exploratory logistic regressions for the first author's
highest degree and statistical package did not yield ad-
ditional significant predictors of mistakes after adjusting
for statistician involvement and journal impact factor

(Figure 5 and Figure 6).
Discussion

Mistakes were common in our sample, with 147 (78%) of
the sampled articles containing one or more statistical
mistakes. We found that absent statistician involvement
and low journal impact factor were associated with the
presence of at least one statistical mistake. A low journal
impact factor was associated with a statistical reporting
mistake, whereas absent statistician involvement was as-
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100

Hl Any Mistake
I Reporting Mistake

80 I Test Selection Mistake
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40+
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Figure 1. Frequency of mistakes by type and journal. Journal names are shortened to their National Library of Medicine
abbreviations. Australas ] Dermatol, Australasian Journal of Dermatology; ] Eur Acad Dermatol Venereol, Journal of
the European Academy of Dermatology and Venereology; Br ] Dermatol, British Journal of Dermatology, ] Am Acad
Dermatol, Journal of the American Academy of Dermatology.

Percent of articles

[Use W Correct M Incorrect

Count

Figure 2. Correct and incorrect use of statistical tests that appeared greater than 5 times in the sample.
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Table 3. Categories of Test Selection Mistakes for Tests That Appeared Greater Than 5 Times in the Sample

Category of test selection mistake

Nonparametric Paired Insufficient Total
test . Results
test should sample size Test Total
Test should Other not X
have been for Selection Uses
have been . stated ¢ R
used regression Mistakes
used
x2 test @ 0 0 0 18 9 27 88
Unpaired

T-test 16 1 0 0 3 20 57

Mann-

Whitney U 0 3 0 0 1 4 43

Fisher's 0 0 0 0 1 1 41

exact

Logistic 0 0 25 0 2 27 65
regression
Cox 0 0 4 0 0 4 28
regression
Log-rank 0 0 0 0 0 0 19
test

Linear 0 0 4 0 1 5 17
regression
Kruskal-

Wallis 0 1 0 0 1 2 15
ANOVA b 3 0 0 2 1 6 14
Wilcoxon

signed 0 0 0 0 1 1 13

rank
ANCOVA 0 0 0 0 0 0 9
Spearman 0 0 0 0 0 0 9
Correlation
Pearson 2 0 0 0 1 3 8
correlation
Paired T- 3 0 0 0 1 4 8
test
TesF Tmt 0 0 0 19 0 19 19
specified ¢

a“Other” mistakes for the x? test comprised 17 articles where the Fisher's exact test should have been used and one article where
a paired samples test such as McNemar's test should have been used.
b “Other” mistakes for ANOVA comprised two articles that interpreted significant differences between pairs of group means with-

out performing post-hoc pairwise comparisons.

CIf authors did not state any results for their named test or reported results without naming the test performed, we counted this
as a test selection mistake because we could not evaluate the test being used.

sociated with a test selection mistake. After adjusting for
other article characteristics, we did not detect a differ-
ence in mistakes between funding sources, the highest
degree of the first author, or the statistical package used.

Mistakes were more than twice as common in our
sample compared to that of Neville et al (2006), which in-
cluded the 2003 volumes of the Archives of Dermatology
and JAAD.® We included other journals that showed a
higher rate of mistakes than JAMA Dermatology and
JAAD, but the error rate among only these two journals
was still higher at 58%. We also found a wider range of
tests in use. New to our 2023 sample were types of re-

gression analysis, which were commonly used and mis-
used.

Test selection mistakes, which were identified in 87
(46%) articles, may be more serious than reporting mis-
takes because inappropriate use of a statistical test can
lead to invalid findings. Statistician involvement was the
only studied characteristic that was protective against
test selection mistakes after adjusting for other charac-
teristics. In this study, the x* test, t-tests, and logistic re-
gression were the most used and misused tests. These
tests are typically taught in introductory statistics
courses, but some researchers may no longer be familiar
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Any Mistake aOoR (95% Cl) Favors no mistake Favors mistake P-value
Absent statistician involvement (vs present) 2.67 (1.32-5.37) e — .006
Low journal impact factor (vs high) 3.19(1.49-6.81) .003
Industry funding (vs none) 0.59 (0.23 - 1.56) .32
Government funding (vs none) 1.25(0.42 - 3.70) .32
Other funding (vs nane) 0.68 (0.28 - 1.63) 5
First Author MD (vs no doctorate) 0.97(0.41-2.29) .88
First Author PhD (vs no doctorate) 0.84 (0.28-2.51) 74
Statistical package not stated (vs R) 1.49 (0.36 - 6.13) .09
Other statistical package (vs R) 0.50(0.16-1.59) .37
SAS (vs R) 0.30 (0.08-1.16) .06
SPSS (vs R) 0.80(0.23 - 2.82) 66
Stata (vs R) 0.51(0.13-1.96) .53

Reporting Mistake
Absent statistician involvement (vs present) 2.02 (1.09 - 3.76) —_— 03
Low journal impact factor (vs high) 2.78(1.46-5.29) ——— 002
Industry funding (vs none) 0.88 (0.35-2.19) 98
Government funding (vs none) 1.03 (0.42-2.51) .62
Other funding (vs none) 0.64 (0.29 - 1.42) 3
First Author MD (vs no doctorate) 0.89(0.42-1.92) .86
First Author PhD (vs no doctorate) 0.89(0.33-2.37) .88
Statistical package not stated (vs R) 1.39(0.44 - 4.41) .06
Other statistical package (vs R) 0.56 (0.21-1.52) .48
SAS (vs R) 0.44 (0.13 - 1.49) 27
SPSS (vs R) 0.90(0.31-2.68) 43
Stata (vs R) 0.35(0.11-1.11) .07

Test Mistake
Absent statistician involvement (vs present) 2.96 (1.59 - 5.49) —_— .001
Low journal impact factor (vs high) 1.83(1.03-3.27) _— .04
Industry funding (vs none) 0.36 (0.14 - 0.92) .03
Government funding (vs none) 0.78 (0.34-1.79) 93
Other funding (vs none) 1.20(0.56-2.57) ol
First Author MD (vs no doctorate) 0.86 (0.42-1.76) -+ .87
First Author PhD (vs no doctorate) 0.82 (0.32-2.07) 75
Statistical package not stated (vs R) 2.08 (0.78 - 5.55) .06
Other statistical package (vs R) 0.94(0.37-2.36) .59
SAS (vs R) 0.53 (0.15-1.87) A1
SPSS (vs R) 1.73 (0.66 - 4.57) 14
Stata (vs R) 0.96 (0.32-2.91) 73

l T T T T T TT T T T T T T T 7T I
0.1 1 10

Adjusted Odds Ratio

Figure 3. Unadjusted univariable logistic regressions for article characteristics and the presence of a statistical mistake.
aOR: adjusted odds ratio. P-value: Benjamini-Hochberg adjusted p-values with significance at p<.05. The reference group
for “no statistician involvement” is “statistician involvement,” the reference group for “low journal impact factor” is “high
jJournal impact factor,” the reference group for funding sources is “no funding or not stated”, the reference group for first
author’s highest degree is “bachelor’s or master’s degree,” and the reference group for statistical package is “R.”

with the assumptions made by these tests. Using our
sample size criteria for regressions, we identified insuffi-
cient sample size for logistic regression in 38% of its uses
and insufficient sample size for linear regression in 24%
of its uses. The “10 events per variable” convention was
proposed by Peduzzi et al (1995) and aims to avoid pos-
itive and negative biases that occur with fewer than 10
events per variable.31.32

Depending on the characteristics of the data, some
have found as few as 5 events per variable to be suf-
ficient,24 whereas others recommend as many as 50.29
Given the nuance and debate surrounding sample sizes
for regression, investigators should consider performing
priori power and sample size calculations. If authors are
unfamiliar with the tests they are conducting, they
should also consider consulting an expert in statistics.

Though industry funding appeared protective against
test selection mistakes in univariable analysis, the effect
was not detected after adjusting for statistician involve-

ment and journal impact factor. This may be related to
differences in study execution when industry funding is
involved. Regulatory agencies require the statistical
analysis plan to be finalized before study subject enroll-
ment and statisticians are involved to ensure that the
analysis is developed correctly. Also, industry-funded
randomized controlled trials in this study were more of-
ten seen in high-impact journals.

Incomplete statistical reporting, which was seen in 127
(67%) articles, limits the reader's ability to assess a
study's validity. Article authors may have obtained the
necessary quantities, but ultimately did not include them
in their manuscript. For reference, Neville et al (2006)
found only 26% of dermatology articles to have reporting
mistakes.8 More recently, McClean and Silverberg (2015)
found that a significance level was not stated in 28% of
dermatology randomized controlled trials.? Though def-
initions of mistakes differ between studies, others have
found reporting mistakes in 40% of cytopathology arti-
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Any Mistake
No statistician involvement

aOR (95% CI)
2.62 (1.20 - 5.74)
3.60 (1.51 - 8.58)
2.07 (0.64 - 6.67)
1.81(0.75 - 4.37)

Low journal impact factor

Industry funding (vs government)

Other or no funding (vs government)
Reporting Mistake

No statistician involvement 2.16 (1.07 - 4.36)
3.38(1.59 - 7.19)
2.83(0.92 - 8.67)

1.58 (0.72 - 3.46)

Low journal impact factor

Industry funding (vs government)

Other or no funding (vs government)
Test Mistake

No statistician involvement 2.72 (1.37 - 5.38)
Low journal impact factor 1.71 (0.86 - 3.41)
Industry funding (vs government) 0.87 (0.28 - 2.69)

(

Other or no funding (vs government) 1.60 (0.76 - 3.35)

Favors mistake P-value
+ .03

+ .02
55

.62

Favors no mistake

—_— .08

+ .02
.20
.86

_— .02
—_— .20
.56
.20

0.1

1 10
Adjusted Odds Ratio

Figure 4. Multivariable logistic regressions for article characteristics with the outcome as the presence of a statistical
mistake. Benjamini-Hochberg adjusted P-values with significance at p<0.05. The reference group for “no statistician
involvement” is “statistician involvement,” the reference group for “low journal impact factor” is “high journal impact
factor,” and the reference group for “industry funding” and “other funding” is “no funding or not stated.” aOR: adjusted

odds ratio.

Table 4. Industry-Funded Studies Had Higher Odds of Involving a Statistician and Being Published in a Journal With a High

Impact Factor

Statistician involvement
OR (95% CI)
3.85[1.15-12.86]
4.02 [1.70-9.57]
7.23[2.23-23.44]

Comparison
Industry funding vs government funding
Industry funding vs no funding or none stated

Industry funding vs other funding sources

High-impact journal

P-value OR (95% CI) P-value
<.001 6.12[1.51-24.82] .05
<.001 20.1 [5.60-72.5] <.001
<.001 6.50[1.27-33.3] .05

cles'? and 42% of radiology articles.'® Though the cur-
rent study did not evaluate the reporting of power cal-
culations, they are often omitted from published
randomized controlled trials in dermatology and plastic
surgery.9- 1 In this study, only high journal impact factor
protected against reporting mistakes.

We found misinterpretations of nonsignificant P-val-
ues using statements such as “trend toward significance”
and “borderline significant” in 28 (15%) of the sampled
articles. In doing this, the authors imply that more data
drawn from the same population would yield a statis-
tically significant result. Interestingly, simulations show
that adding more data to a study with a “borderline sig-
nificant” P-value does not necessarily lead to statistical
significance.20 Statistician involvement, but not journal
impact factor, was protective against this mistake. Re-
searchers should consider performing power calcula-
tions for their planned statistical tests before data col-
lection, reviewing the proper interpretation of

nonsignificant P-values, and consulting a statistician. To
convey practical significance in addition to statistical sig-
nificance, authors should consider presenting the mag-
nitude of their observed differences using confidence in-
tervals and effect size measurements.37.38

This study has several limitations that should be con-
sidered. Lack of access to original data limits our ability to
verify statistical assumptions, and our criteria for correct
test selection relies on rules of thumb. Furthermore, we
cannot judge in this study whether identified “mistakes”
impact an article in a clinically meaningful way. Statistical
reporting mistakes may only limit a reader’s ability to crit-
ically evaluate an article while having no effect on the ar-
ticle’s conclusions. Also, certain test selection “mistakes”
may still result in the “true” finding. A future study us-
ing actual or simulated data could better elucidate the
impact of common test selection mistakes. Another lim-
itation concerning the “statistician involvement” charac-
teristic is the possibility that statisticians were involved
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Any Mistake aOR (95% Cl) Favors no mistake Favors mistake P-value
No statistician involvement 2.27 (1.08 - 4.77) .09
Low journal impact factor 3.71(1.51-9.12) .02
First author MD (vs no doctorate) 2.05(0.74 - 5.67) .56
First author PhD (vs no doctorate) 2.26 (0.63 - 8.16) + .56

Reporting Mistake
No statistician involvement 1.68 (0.87 - 3.26) et .29
Low journal impact factor 3.32 (1.56 - 7.06) .01
First author MD (vs no doctorate) 1.64 (0.69 - 3.94) 61
First author PhD (vs no doctorate) 2.15 (0.69 - 6.74) 46

Test Mistake
No statistician involvement 2.78(1.45-5.34) —_— .01
Low journal impact factor 1.59 (0.80 - 3.14) —_—— .36
First author MD (vs no doctorate) 1.25 (0.57 - 2.76) .75
First author PhD (vs no doctorate) 1.26 (0.44 - 3.66) .96

| d A ' A
0.1 1 10

Adjusted Odds Ratio

Figure 5. Multivariable logistic regression for the first author’s highest degree, adjusted for statistician involvement and
journal impact factor. aOR: adjusted odds ratio. P-value: Benjamini-Hochberg adjusted p-values with significance at p<.05.
The reference group for “no statistician involvement” is “statistician involvement,” the reference group for “low journal
impact factor” is “high journal impact factor,” and the reference group for first author’s highest degree is “bachelor’s or
master’s degree.”

Any Mistake aOR (95% Cl) Favors no mistake Favors mistake P -value
No statistician involvement 2.71(1.22 - 6.00) - .06
Low journal impact factor 3.01(1.35 - 6.69) N .04
SAS (vs R) 0.23 (0.06 - 0.93) A7
SPSS (vs R) 0.39 (0.10 - 1.51) - — .95
Stata (vs R) 0.23 (0.05 - 1.02) A7
Other statistical package (vs R) 0.48 (0.15 - 1.52) —_— el .62

Reporting Mistake
No statistician involvement 2.21(1.08 - 4.52) S .09
Low journal impact factor 2.60(1.31 - 5.16) S 04
SAS (vs R) 0.35(0.10 - 1.26) S SE— 65
SPSS (vs R) 0.49 (0.15 - 1.59) - 81
Stata (vs R) 0.18 (0.05 - 0.64) _— .09
Other statistical package (vs R) 0.94 (0.28 - 3.14) —_— e — 54

Test Mistake
No statistician involvement 2.86 (1.45 - 5.63) B ——— .04
Low journal impact factor 1.44 (0.77 - 2.69) — A7
SAS (vs R) 0.48 (0.13-1.77) _— A7
SPSS (vs R) 1.08 (0.38 - 3.06) RN PO A7
Stata (vs R) 0.52(0.16 - 1.72) A G — 47
Other statistical package (vs R) 1.54 (0.55 - 4.34) _ A7

[ RS LR L LR Y|
0.01 0.1 1 10

Adjusted Odds Ratio

Figure 6. Multivariable logistic regression for the statistical package, adjusted for statistician involvement and journal
impact factor. aOR: adjusted odds ratio. P-value: Benjamini-Hochberg adjusted p-values with significance at p<.05. The
reference group for “no statistician involvement” is “statistician involvement,” the reference group for “low journal impact
factor” is “high journal impact factor,” and the reference group for statistical package is “R.”

in the research process but were not formally credited notreflected in their current affiliations. We selected only
or that authors may have had prior statistical training high and low-impact journals to maximize our study's
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power to detect the effect of journal impact factor on
mistakes if one was truly present. However, excluding
“middle-impact” journals, which contain the majority of
publications, limits the generalizability of our findings.
The statistician George Box said, “All models are
wrong, but some are useful.” In other words, statistical
models fail to perfectly describe reality, but better mod-
els can still yield valuable insights. To improve the quality
of statistical analyses in dermatology journal articles, re-
searchers should consider referencing best practices for
statistical reporting and test selection. Researchers
should also consider enlisting the help of an expert in
statistics, especially when their sample size is small or
when performing tests with which they are unfamiliar.

Conclusion

Statistical mistakes are prevalent in dermatology liter-
ature, and the most common statistical tests are fre-

quently misused. A low journal impact factor was associ-
ated with a statistical reporting mistake, whereas a lack
of statistician involvement was associated with a test se-
lection mistake. Funding source, first author’s highest de-
gree, and statistical package were not associated with
statistical mistakes. Researchers should review common
statistical errors and consider involving a statistician in
their work.
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